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GCCAGCCCCC TGATGGGGGC GACACIOCAC CATGAATCAC TOCCCIGIGA SO 
GGAACTACIG TCTICAOGCA GAAAGOGICT AGCCAIGGOG TTAGTATGAG 100 
TGICGIGCAGCCTCCAGGAC CCCCCCICCC GGGAGAGCCA TAGIGGICTG 150 
OGGAACOGGT GAGTACACCG GAATIGCCAG GACGACCGGGTCCTTICTIG 200 
GATAAACCCG CICAATGCCT GGAGATTTGG GOGIGCCCCC GCAAGACIGC 250 
TAGCCGAGTA GTGITGGGIC GCGAAAGGCC TIGIGGTACT GOCIGATAGG 300 
GIGCTIGCGA GIGCOCOGGG AGGICICGIA GACCGIGCAC CATGAGCAOG 350 
AATCCAAAC CTCAAAGAAA AACCAAACGT AACACCAACC GICGCCCACA 400 
GGACGICAAG TTCCCGGGTG GCGGICAGAT CGITGGIGGA GTTTACTIGT 450 
TGCCGCGCAG GGGCCCTAGA TIGGGIGIGC GCGCGACGAG GAAGACTIOC 500 
GAGCGGICGC AACCIOGAGG TAGAOGICAG CCTATCCCCA AGGCAOGICG SSO 
GOCOGAGGGC AGGACCTGGG CICAGCCOGG GTACCCTTGG CCCCTCTAIG 6OO 
GCAATGAGGG TIGOGGGGG GOGGGAIGGC TOCIGICICC COGGGCTCT 650 
CGGOCTAGCT GGGGOOOCAC AGACCCCCGG CGIAGGTCGC GCAATTGGG 7OO 
TAAGGICAIC GATACCCTTA CGTGOGGCTT CGCCGACCC ATGGGGACA 750 
TACOGCICGT COGCGCOCCT CITGGAGGOG CTGCCAGGGC CCIGGCGCAT 800 
GGCGTCCGGGTTCGGAAGA CGGCGIGAACTAIGCAACAG GGAACCTIOC 85O 
TGGTTCCTCT TICICIATCT TOOTICIGOC CCIGCTCTCT TOOCTGACIG 900 
ICOCOOCTIC ACCCACCAA GTOOOCAATT CCTCGGGGCT TTAOCATGIC 950 
ACCAAIGATI GCOCTAACTC GAGTATTGIG TACGAGGCGG COGAGCCAT 1 OOO 
CCIGCACACT COGGGGGG TCCCTIOCGT TOGOGAGGGT AACGCCOGA 1050 
GGGTTGGGT GGCGGIGACC CCCACGGGG CCACCAGGGA CGGCAAACC 1 OO 
CCCACAACGC AGCIOGACG TCAATCGA CIGCTTGICG GGAGOGOCAC 115O 
CCTCIGCTCG GCCCTCACGTGGGGGACCT GIGOGGGICT GICTTTCG 12OO 
TIGGCAACT GTTACCC TCTCCCAGGC GOCACTGGAC GACGCAAGAC 1250 
TGCAATTGTT CTATCTATCC CGGOCATATAACGGGICAIC GCATGGCATG 1300 
GGAAGATG ATGAACGGT CCCCTACGGC AGCGIGGG GAGCICAGC 1350 
TGCIOOGGAT COCACAAGCC ACAGGACA GATCGCTGG GCTCACTGG 4OO 
GGAGICCTGG OGGGCAAGC GTATTCIOC AGGGGGGA ACTGGGOGAA 1450 
GGICCIGGTA GGCGCTGC TATTGOOGG CGICGACGCG GAAACCCACG 1500 
TCACOGGGGG AAAIGCOGGC CGCACCACGG CIGGGCTTGT TGGICTCCTT 1550 
ACACCAGGCG CCAAGCAGAA CATCCAACTG ATCAACAOCA ACGGCAGTTG 1600 
GCACATCAAT AGCACGGCCTTGAACTGCAA TGAAAGCCTT AACACOGGCT 1650 
GGTTAGCAGG GCTCTICTAT CAACACAAATTCAACICTIC AGGCIGICC 1700 
GAGAGGTTGG CCAGCIGCOG ACGCCTTACC GATTITGOCC AGGGCTGGGG 1750 
TCC AICAGT TAIGCCAACG GAAGOGGCCT CGACGAACGC CCCTACIGCT 1800 
GGCACACCC TCCAAGACCT TOGIGGCATG TGCOCGCAAA GAGCGIGIGT 850 
GGCCCGGTATATTGCIICAC ICCCAGCCCC GTGGGGTGG GAACGACCGA 1900 

FIG. 4A 
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CAGGICGGGC GCGCCTACCT ACAGCIGGGG TGCAAATGAT ACGGAIGICT 1950 
TCGICCITAA CAACACCAGG CCACCGCTGG GCAATTGGTT CGGTIGLACC 2000 
TGGATGAACT CAACTGGATT CACCAAAGIG TGOGGAGCGC CCCCTTGIGT 2050 
CATCGGAGGG GIGGGCAACA ACACCTIGCT. CTGOOOCACT GATIGCTIOC 2100 
GCAAACATCC GGAAGCCACA TACICIOGGT GOGGCICOGG TOCCIGGATT 2150 
ACACCCAGGT GCATGGOGA CTACCCGIAT AGGCTTTGGC ACTAICCTG 2200 
TACCATCAAT TACAOCATATTCAAAGICAG GATGIACGTG GGAGGGGICG 2250 
AGCACAGGCT GGAAGCGGCC TGCAACTGGA CGCGGGGOGA ACGCIGIGAT 2300 
CTGGAAGACA GGGACAGGIC CGAGCTCAGC COGTIGCGC TGICCACCAC 2350 
ACAGGGCAG GIOCTIOCGT GITCTTTCAC GACOCGCCA GOCTIGIOCA 2400 
COGGCCTCAT CCACCTOCAC CAGAACATTG TGGACGIGCA GTACTIGAC 2450 
GGGGIAGGG CAAGCATOGC GTCCGGGCC ATAAGGGG AGAOGICG 2500 
ICICCIGITC CTICIGCTG CAGACGCGCG CGICIGCIOC GCITGOGA 2550 
GAIGT ACT CAAICCCAA GOGGAGGOGG CTIGGAGAA CCOGTAAIA 26OO 
CCAAGCAG CAICCCGGC CGGGACGCAC GGCTGGT CCTTCCTCGT 2650 
GICICIGC TIGCGIGG ATCTGAAGGG TAGGGGGIG COOGGAGOGG 2700 
TCACGCOCI CLACGGGAIC TGGCCICIOC TOCGCIOCT GCIGGOGG 2750 
CCTCAGCGGG CATACGCAC GGACACGGAG GIGGOOGOGT CGIGIGGOGC 2800 
CGIGCTI, GCGGGTAATGGCGCGAC TCGCGCCA TATTACAAGC 2850 
GCTATATCAG CIGGIGCAIG TGGIGGCTIC AGTATTTTCT GACCAGAGA 2900 
GAAGCGCAAC TGCACGIGIG GGTTCCCCCC CTCAACGTCC GGGGGGGGCG 2950 
CGAGCCGIC ACTTACICA TGIGIGIAGT ACACCOGACC CIGGTATTG 3OOO 
ACAICACCAA ACACTCCTG GCCA ICTCG GACCOCTG GATTCTTCAA 3050 
GCCAGLIGC TAAAGICCC CTACTICGIG COCGTTCAAG GCCTCTCCG 3100 
GAICGCGCG CTAGOGCGGA AGATAGCOGG AGGICATTAC GTGCAAAGG 3150 
CCAICAICAA GTAGGGGCG CTTACTGGCA CCATGGA TAACCACTC 3200 
ACCCCLCTIC GAGACIGGGC GCACAACGGC CTGOGAGAC TGGCCGGGC 3250 
TGIGGAACCA GTOGCTCT COCGAAGGA GACCAAGCC ATCACGGGG 33OO 
GGGCAGATAC CGCCGCGIGC GGIGACAICA TCAACGGCTT GOCOGICTCT 3350 
GCCCGTAGGG GCCAGGAGAT ACIGCTGGG CCAGCCGACG GAATGGICTC 3400 
CAAGGGGIGG AGGTIGCIGG CGCCCAICAC GGCGTACGCC CAGCAGACGA 3450 
GAGGCCICCT AGGGIGTATA ATCACCAGCC TGACIGGCCG GGACAAAAAC 3500 
CAAGIGGAGG GIGAGGICCA GAICGIGICA ACTGCTACCC AAACCTTCCT 3550 
GGCAACGIGC ATCAAIGGGG TATGCIGGAC TGICTACCAC GGGGCCGGAA 3600 
CGAGGACCAT CGCATCACCC AAGGGICCIG TCAICCAGAT GTATAOCAAT 3650 
GIGGACCAAG ACCTIGIGGG CIGGOOCGCT CCTCAAGGIT COCGCTCATT 3700 
GACACCCIGT ACCIGCGGCT CCIOGGACCT TTACCIGGIC ACGAGGCACG 3750 
CCGATGTCAT ICCCGIGCGC CGGCGAGGIG ATAGCAGGGG TAGCCIGCTT 3800 

FIG. 4B 
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TCGCOCOGGC CCATTTCCTA CTTGAAAGGC TOCIOGGGGG GICCGCIGIT 3850 
GIGCOCOGCGGGACACGOOG TGGGCCTATT CAGGGOOGCG GIGIGCACCC 3900 
GIGGAGIGGC TAAAGOGGIG GACTTTATCC CIGIGGAGAA CCLAGGGACA 3950 
ACCATGAGAT CCCCGGIGIT CAOGGACAAC TOCICICCAC CAGCAGIGOC 4000 
CCAGAGCTIC CAGGIGGOOC ACCTGCATGC TCCCACOGGC AGCGGLAAGA 4050 
GCACCAAGGT CCCGGCIGCG TACGCAGOCC AGGGCTACAAGGIGTIGGIG 4100 
CICAACCCCT CIGITGCIGC AAOGCIGGGC TTTGGIGCTT ACATGIOCAA 4150 
GGCOCATGGG GTIGATOCTA ATATCAGGAC OGGGGIGAGA ACAATTAOCA 4200 
CTGGCAGCCC CATCACGTAC TOCACCTAOG GCAAGTTCCTTGCOGAOGGC 4250 
GGGIGCICAG GAGGGCTA TGACAAATA ATTTGIGACG. AGIGOCACTC 4300 
CACGGATGCC ACAICCATCI TGGGCATCGG CACTGICCTT GACCAAGCAG 4350 
AGACIGCGGG GGCGAGACIG GIGIGCTCG CCACIGCTAC CCCCCGGGC 4400 
TCCGICACTG TGIOOCAICC TAACATOGAG GAGGTIGCTC TGICCACCAC 4450 
CGGAGAGAIC CCCTTACG GCAAGGCTAT COOOCOGAG GIGACAAGG 45OO 
GGGGAAGACA TCICAICTTC TGCCACTCAA AGAAGAAGG CGACGAGCTC 455O 
GOOGOGAAGC TGGTCGCATT GGGCACAAT GCCGIGGOCT ACTACCGCGG 4600 
TCTIGACGIG TCIGICAICC CGACCAGOGG CGAIGIGIC GTOGTGICGA 4650 
COGAGCCT CALGACGGC TTACOGGOG ACTIOGACC TGIGATAGAC 4 JOO 
GCAACACGT GIGICACICA GACAGOGAT TICAGCCG ACCCACCIT 450 

TACCATTGAG ACAACCACGC TCOOOCAGGA TGCIGICOC AGGACICAAC 4800 
GCOGGGGCAG GACGGCAGGGGGAAGCCAG GCATCATAG ATTGIGGCA 4850 
CCGGGGGAGC GCCOCOOGG CAGITCGAC TOGIOCGCC CIGIGAGTG 4900 
CTATGACGOG GGCTGGCTT GGIAGAGCT CACGCCCGCC GAGACDACAG 4950 
TAGGCTACG. AGCGTACAG AACACCCCGG GGCTCCCGT GIGCCAGGAC 5000 
CATCTTGAAT TIGGGAGGG CGCITIACG GGOCCACC ATA AGAIGC 5050 
CCACTITITA TOCCAGACAA AGCAGAGIGG GGAGAACTTT CCTTACCTGG 5100 
TAGOGACCA AGCCACCGIG TGCGCTAGGG CTCAAGOOOC TOOOOCAICG 5150 
TGGGACCAGA TGIGGAAGGTTTGAICOGC CTIAAACCCA COCIOCATGG 5200 
GCCAACACCC CIGCTATACA GACLGGGCGC TGTICAGAAT GAAGICACCC 5250 
TGACGCACCC AAICACCAAA TACATCATGA CAIGCAIGIC GGCCGACCG 5300 
GAGGICGCA CGAGCACCTG GGIGCTCGIT GGOGGCGTCC GGCIGCTCT 5350 
GGCOGCGIAT IGCCIGICAA CAGGCIGCGT GGTCATAGIG GGCAGGATOG 5400 
TCTTGICCGG GAAGCCGGCA ATIATACCG ACAGGGAGGT TCTCTAOCAG 5450 
GAGTTCGATG AGATGGAAGA GIGCTCTCAG CACITACCGT ACATOGAGCA 5500 
AGGGATGATG CTOGCIGAGC AGTICAAGCA GAAGGCCCTC GGCCTCCIGC 5550 
AGACOGCGIC COGOCAIGCA GAGGIAICA CCCCIGCTGT CCAGACCAAC 5600 
TGGCAGAAAC TOGAGGICTT TIGGGCGAAG CACAIGIGGA ATTTCAICAG 5650 
TGGGATACAA TACTIGGOGG GOCIGICAAC QCIGCCIGGT AACCCCGCCA 5700 

FIG. 4C 
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TIGCTTCATT GATGGCTTTT ACAGCIGCCG TCACCAGCCC ACTAACCACT 5750 
GGCCAAACCC TCCTCTTCAA CATATIGGGG GGGIGGGIGG CIGOOCAGCT 5800 
CGCCGCCCCC GGIGCCGCTA CTGCCTTTGT GGGIGCTGGC CIAGCIGGOG 5850 
CCGCCATCGG CAGOGITGGA CTGGGGAAGG TCCIOGTGGA CATICTIGCA 5900 
GGGTATGGCG CGGGCGIGGC GGGAGCCTT GTAGCATICA AGATCAIGAG 595O 
CGGIGAGGIC CCCTCCACGG AGGAOCIGGT CAATCTGCIG COOGOCAIOC 6000 
TCTOGCCTGG AGCOCTIGIA GTOGGIGIGG TCTGOGCAGC AATACIGOGC 6050 
CGGCACGG GOOOGGGOGA. GGGGGCAGIG CAAGGAGA ACOGGCTAAT 600 
AGOCTIOGCC TOCOGGGGGA ACCAIGITTC CCCCACGCAC TACGIGOOGG 6150 
AGAGCGAIGC AGCOGOCOGC GTCACGCCA TACTCAGCAG OCICACIGA 62OO 
ACCCAGCICC TGAGGCGACT GCATCAGIGG ATAAGCIOGG AGIGACCAC 625O 
TCCAIGCIOC GGITCCTGGC TAAGGGACAT CIGGGACIGG ALAIGOGAGG 63OO 
TGCTGAGCGA CITTAAGACC TGGCTGAAAG CCAAGCCAT GOCACAACIG 6350 
CCTGGGATIC CCTTTGIGIC CIGCCAGOGC GGGTATAGGG GGGTCGGCG 64OO 
AGGAGACGGC ATTAIGCACA CTCGCIGCCA CIGIGGAGCT GAGATCACG 6900 
GACAIGCAA AAACGGGACG AIGAGGAICG TCGGICCI AG GACCIGCAGG 6950 
AACAGGGA GGGGACGIT CCCCAAAC GOCEACACCA OGGGOOOCG 65SO 
TACIOCCCTT CCIGCGCCGA, ACIAAAGIT OGOGCTGIGG AGGGIGCTG 66OO 
CAGAGGAATA CGIGGAGAIA AGGCGGGTGG GGGACTIOCA CTACGATCG 665O 
GGTAGACIA CGACAAICT TAAA GOOOG TGOCAGATOC CATCGCOCGA 67OO 
ATTTTTCACA GAATIGGACG GGGIGCGCCT ACACAGGTTT GOGCCCCCIT 675O 
GCAAGOCCIT GCIGCGGGAG GAGGTA CAT TCAGAGTAGG ACTCCAOGAG 6800 
TACCCGGGG GGICGCAATT ACCTTGOGAG COCGAACOGG ACGTAGOCGT 6850 
GTTGACGCC AIGCTCACTG AICCCTOOCATAAACAGCA GAGGCGGOOG 6900 
GGAGAAGGTT GGCGAGAGGG TCACCCCCIT CIAIGGCCAG CCCTOGGCT 6950 
AGCCAGCIGT CCGCTCCAIC TCICAAGGCA ACTTGCACCG CCAACCAIGA 7000 
CTCCCCIGAC GCCGAGCCA TAGAGGCIAA CCICCIGIGG AGGCAGGAGA 7050 
TGGGOGGCAA CAICACCAGGGTTGAGICAG AGAACAAAGT GGIGATTCTG 7100 
GACTOCTTCG ATOCGCTTG. GGCAGAGGAG GAIGAGOGGG AGGICICOGT 750 
ACCIGCAGAA ATICIGCGGA AGICIOGGAG ATICGCCCGG GCCCTGCOCG 7200 
TCTGGGCGCG GCCGGACIAC AACCCCCCGC TAGTAGAGAC GIGGAAAAAG 7250 
CCGACTACG AACCACCIOT GGCCAIGGC TGCCCGCTAC CACCTCCAOG 7300 
GICCCCICCT GIGCCICCGC CIOGGAAAAA GOGTACGGIG GICCICACOG 7350 
AATCAACCCT ATCIACIGCC TIGGOOGAGC TIGCCACCAA AAGTTTIGGC 7400 
AGCTCCTCAA CTCCGGCAT TACGGGOGAC AATACGACAA CATCCTCIGA 7450 
GOOOGOOOCT TCIGGCGCC COOCOGACIC CGAOGTIGAG TOCTATTCTT 7500 
CCATGCCCCC CCIGGAGGGG GAGCCIGGGG ATCCGGAICT CAGCGACGGG 7550 
TCATGGICGA CGGICAGTAG TCGGGOOGAC ACGGAAGATG TCGIGIGCTG 7600 



U.S. Patent Dec. 7, 2010 Sheet 8 of 49 US 7,846,454 B2 

H77C 

O 2O 3O 40 50 
1234567890-1234567890 1234567890 1234567890 1234567890 
CICAATGICT TATTCCTGGA CAGGCGCACT CGICACCCCG TGOGCIGOGG 7650 
AAGAACAAAA ACIGCOCATC AACGCACTGA GCAACICGTT GCTAOGOCAT 7700 
CACAATCIGGTGTATIOCAC CACTTCACGC AGIGCTIGCC AAAGGCAGAA 7750 
GAAAGICACA TTIGACAGAC TGCAAGTICT GGACAGCCAT TACCAGGACG 7800 
TGCTCAAGGA GQICAAAGOA. GCGGOGICAA AAGIGAAGGCTAACTIGCTA 7850 
TCCGAGAGG AAGCTIGCAG CCIGACGCCC CCACATICAG CCAAATCCAA 7900 
GTTTGGCTAT GGGGCAAAAG ACGTCCGTIG CCATOCCAGA AAGGOOGLAG 79.50 
CCCACATCAA CTCCGIGIGG AAAGAOCTIC TGGAAGACAG TGTAACACCA 8000 
ATAGACACTA CCATCATGGC CAAGAACGAG GTTTTCIGCG TICAGCCIGA 8050 
GAAGGGGGGT CGIAAGCCAG CTCGICTCAT CGIGTIOCCC GAOCGGGOG 8100 
TGOGOGIGIG CGAGAAGAIG GCCCIGTACG ACGIGGTTAG CAAGCICOOC 8150 
CIGGCCGIGA TGGGAAGCTC CTACGGATTC CAATACICAC CAGGACAGOG g2OO 
GGTTGAATTC CTCGIGCAAG CGIGGAAGIC CAAGAAGACC COGAIGGGG 82SO 
TCTCGIATGA TACCOGCIGT TTTGACTOCA CAGTCACTGA GAGOGACAIC 8300 
CGTACGGAGG AGGCAATTA. CCAATGTIGT GACCIGGACC CCCAAGCCCG 835O 
CGIGGCCAIC AAGICCCICA CTGAGAGGCT TIAIGTIGGG GGCCCTCTA 8AOO 
CCAATTCAAG GGGGGAAAAC TGOGGCTACC GCAGGGCCG CGCGAGOGGC 84.50 
GTACTGACAA CIAGCIGIGG TAACACCCIC ACTIGCTACA TCAAGGCCCG 85OO 
GGCAGCCTGT CGAGCOGCAG GGCTCCAGGA CTGCACCATG CTOGIGIGIG 8550 
GCGACGACTT AGICGITATC TGIGAAAGIG CGGGGGICCA GGAGGACGCG 8600 
GCGAGCCTGA GAGCCTICAC GGAGGCIAG ACCAGGTACT COGCCCCCCC 86.50 
CGGGGACCCC CCACAACCAG AATACGACTT GGAGCITATA ACACAIGCT 87OO 
CCTCCAACGT GTCAGTOGOC CACGACGGCG CGGAAAGAG. GGCACAC 87SO 
CTTACOCGTG ACCCACAAC COOOCOGOG AGAGCCGCGT GGGAGACAGC 88OO 
AAGACACACT CCAGTCAAT CCGGCLAGG CAACATAAC AGITGOCC 885O 
CCACACIGIG GGOGAGGAG ATACIGAGA COCATICTT TAGOGICCIC 8900 
ATAGCCAGGG ACAGCTTGAACAGGCTCT AACTGIGAGA TCACGGAGC 8950 
CGCTACTCC ATAGAAOCAC TGGATCTACC TOCAATCATT CAAAGACICC 9000 
AGGCC CAG OGCATITICA CTCCACAG ACCIOCAGG GAAACAAT 90SO 
AGGGGGOOG CAGOCICAGAAAACGGG GOOOGOCCT TOOGAGCTG 91 OO 
GAGACACCGG GOOOGGAGCG TOCGCGCAG GCTCGCC AGAGGAGGCA 9150 
GGGCTGCCAT AGGGCAAG TACCTCTTCA ACTGGGCAGT AAGAACAAAG 92OO 
CCAAACICA CTCCAAAGC GGCOGCTGGC OGGCGGAC TGICCGGTTG 9250 
GTCACGGCT GGCACAGOG GGGGAGACAT TTACACAGC GGCTCATG 93OO 
CCCGGCCCCG CIGGICTGGTTTIGCCAC TOCIGCTCGC TGCAGGGGTA 9350 
GGCATCTACC TOCCCCCAA CCGAIGAAGG TIGGGGEAAA CACIOCGGCC 94.00 
TCITAAGCCA LIOCIGIT III ILLIII ITILITIT LITICLTIT 9450 
TL'I' 'IIICIT IOCILICCIT CITILICC TICIC CCIICITAA 95OO 

FIG. 4E 
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TGGGGCIOC AICTTAGOCC TAGICAOGGC TAGCIGIGAA AGGICCGIGA 9550 
GCCGCAIGACTGCAGAGAGT GCIGATACG GCCTCTCIGC AGAICAIG 95.99 
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LRRHWGPGE GAVCWMNRLI AFASRGNHVS PIHYVPESDA AARVTAILSS 1950 

LIVTOLLRRL, HOWISSECTT PCSGSWLRDI WDWICEVLSD FKTWLKAKLM 2000 
POLPGIPFVS CORGYRGWR GDGTMHTRCH CGAEITGHVK NGIMRIWGPR 2050 
TCRNMWSGTF PINAYTIGPC TPLPAPNYKF ALWRVSAEEY VERRWGDFH 2100 
YVSGMTTNL KCPCOIPSPE FFTELDGVRL HRFAPPCKPL LREEVSFRVG 2150 
LHEYPWGSQL, PCEPEPDVAV LTSMLTDPSH TTAEAAGRRL ARGSPPSMAS 2200 
SSASQLSAPS LKATCTANHD SPDAELTEAN LLWRQEMGGN ITRVESENKV 2250 
V DSFOPV AEEDEREVSV PAELRKSRR FARALPWAR PDYNPPVET 23OO 
WKKPDYEPPV VHGCPLPPPR SPPVPPPRKK RTWLESL STAAEAK 2350 
SFGSSSTSGT TCNTISSE PAPSGCPPDS WESYSSMPP LEGEPGPDL 2400 
SDGSWSTVSS GADTEDWCC SMSYSWIGAL WTPCAAEEQK LPINALSNSL 2450 
LRHHNLVYSI TSRSACOROK KWTFDRLOVL DSHYOUVLKE VKAAASKVKA 2500 
NLLSVEEACS LPPHSAKSK FGYGAKDVRC HARKAVAHN, SWKOLLEOS 2550 
WTPIDITTMA KNEVFCVOPE KGGRKPARLI VFPDLGVRVC EKMALYDWS 2600 
KLPLAVMGSS YGFOYSPGQR VEFLVQAWKS KKTPMGFSYDTRCFDSIVTE 2650 
SDIRTEEALY OCCDLDPQAR VALKSLTERLYWGGPLINSR GENOGYRRCR 2700 
ASGVLTTSCG NTLICY IKAR AACRAAGLOD CIMTVOGDDL VVICESAGVO 2750 
EDAASLRAFT EAMTRYSAPP GDPPOPEYDL ELITSCSSNV SVAHDGAGKR 2800 
WYYLTRDPIT PLARAAWETA RHPVNSWLG NIMFAPTLAN ARMLMIHFF 2850 
SVLTARDOLE QALNCETYGA CYSIEPLDLP PILORLHGLS AFSLHSYSPG 2900 
EINRVAACLR KTGVPP RAW RHRARSVRAR II SRGGRAA CGKYLFNWAV 295O 
RTKLKLTPLA AAGRLDLSGW FTAGYSGGDI YHSVSHARPR WFWFCTLE LA 3000 
AGVGIYLLPN R BO 

FIG. 4H 
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GCCAGCCCCC TGATGGGGGC GACACIOCAC CAIGAAICAC IOCCCTGIGA 50 
GGAACTACG TCTCACGCA GAAAGCGICT AGCCAGGCG TAGAGAG OO 
TGICGIGCAG CCTCCAGGAC CCCCCCICCC GGGAGAGCCA TAGGGICTG 150 
CGGAACOGGT GAGTACACOG GAATIGCOAG GACGACCGGGTCCCTG 200 
GAICAAOCOG CTCAATGOCT GGAGATTGG GCGIGCCCCC GOGAGACIGC 2SO 
TAGOCGAGIA GTGTGGGC GCGAAAGGCC TTGIGGTACT GCCTGATAGG 300 
GIGCTGOGA. GTGOCCCGGG AGGICCGA GACCGTGCAC CATGAGCACG 350 
AATCCAAAC CTCAAAGAAA AACCAAACGE AACACCAACC GCCGOCCACA 400 
GGACGTCAAG TCCCGGGCG GIGGICAGAT CGTTGGGGA GTTTACCTGT 450 
TGOOGOGCAG GGGCOOCAGG, TIGGGGTGC GCGCGACIAG GAAGGCTIOC 500 
GAGCGGCGC AACCCGGG AAGGCGACAA CCTATCCCAA AGGCTCGCCG 550 
ACCCGAGGGC AGGGCCGGG CICAGCOCGG GACCCTGG CCCCCAIG 600 
GCAATGAGGG CCTGGGGGG GCAGGAGGC. TCCGICAOC OOGOGGCOC 650 
OGGCCAGTT GGGGOOOCAC GGACCCCCGG CGAGGTCGC GTAACGGG 700 
TAAGGICAC GATACCCTTA CATCOGGCT, CGCCGATCTC ATGGGGJACA 750 
TCCGCTCGT CGGCGCCCCC CAGGGGGCG CTGOCAGGGC CTIGGCACAC 800 
GGGTCCGGG TCTGGAGGA CGGCGIGAACTATGCAACAG GGAACTTGOC 850 
CCGTTCCTCT TICICIACT ICCICIGGC ICGCIGICC TGITIGACCA 900 
CCCAGCTTC CGCTTATGAA GIGCGCAAOG TGICCGGGA, ATACCATGIC 950 
ACGAACGACT GCTCCAACIC AAGCATIGG TAGAGGCAG CGGACGIGAT 1 OOO 
CAGCATAC CCCGGGGCG GCCCGTGT TCAGGAGGGT AACAGCTCCC 1050 
GIGCTGGGT AGCGCICACT CCCACGCICG CGGCCAGGAA GOCAGOGC 1100 
CCCACTACGA CAATACGAOG CCACGCGAC GCCGITG GGACGGCIGC 1150 
TTICIGCOC OCTAGTACG TCGGGGATCI CGCGGAIC ATTTTCCTCG 1200 
TCTCCCAGCI GI'CACCTIC TCGCCOGCC GGCATGAGAC AGIGCAGGAC 1250 
TGCAACIGCT CAATCATCC CGGCCAGA TCAGGCACC GCATGGCTTG 1300 
GGATAIGAIG AIGAACIGGT CACCACAAC AGCCCAGIG GIGICGCAG 1350 
GCCCGGA, CCCACAAGCT GOGGGACA TGGGGOGGG GGCCCACGG 400 
GGAGICCGG CGGGCCIGC CTACTATCC AGGTAGGGA ACIGGGCTAA 1450 
GGITCTGATT GIGGOGCAC TCTIGCCGG CGTGACGGG GAGACCCACA 1500 
CGACGGGGAG (GGGGCOGGC CACACCACCT COGGGICAC GTCCCITIC 1550 
ICAICIGGGG OGICICAGAA AACCAGCTT GIGAAACCA ACGGCAGCTG 1600 
GCACATCAAC AGGACIGCCC TAAAICCAA TGACTCCCTC CAAACTGGGT 1650 
TCTTTGCCGC GCIGITITAC GCACACAAGI ICAACOGIC CGGGGCCOG 1700 
GAGCGCAIGG CCAGCTGOOG CCCCATTGAC TGGTCGCCC AGGGGGGGG 1750 
CCCCATCACC TATACTAAGC CiAACAGCTC CGATCAGAGG CCITATIGCT 1800 
GGCATTACGC GCCTOGACCG TCGGGIGICG TACCCGCGC GCAGGIGIGI 1850 
GGICCAGIGT ATTGITICAC CCCAAGCOCT GIGIGGTGG GGACCACCGA 1900 

FIG. 4A 
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TOGICCGGT GICCCACGT ATAGCIGGGG GGAGAATGAG ACAGACGIGA 1950 
TGCIOCICAA CAACACGCGT CCGCCACAAG GCAACIGGIT CGGCIGTACA 2000 
TGGATGAATA GACIGGGTT CACAAGACG TGOGGAGGIC CCCCGIGAA. 2050 
CATCGGGGGG GICGGEAACC GCACCTTGA, CGCCCCACG GACGCCC 2100 
GGAAGCACCC OGAGGCACT TACACAAAAT GIGGCICGGG GCCCGGG 2150 
ACACCAGGT GCCTAGTAGA CIACOCATAC AGGCITIGGC ACTACCOCTG 2200 
CACICICAATTTTTCCAICT TIAAGGTTAG GAIGTAGIG GGGGGOGGG 2250 
AGCACAGGCT CAATGCCGCA TGCAATTGGA CIOGAGGAGA GOGCIGIAAC 2300 
TIGGAGGACA GGGATAGGIC AGAACTCAGC COGCTGCTGC TGICACAAC 2350 
AGAGIGGCAG ATACIGCOC. GGCITICAC CACCCTACCG GCTTTAIOCA 2400 
CIGGITIGAT CCAICICCAT CAGAACACGTGGACGIGCA ATACCGTAC 2450 
GGIGIAGGGT CAGCGITIGT CICCTTIGCA ATCAAATGGG AGACAICCT 2500 
GGCTC CTCTCCIGG CAGACGCGCG CGIGIGIGCC TGCIGIGGA 2550 
GAGCGC GADAGCCCAG GCGAGGCCG CCTTAGAGAA CIGGGGC 26OO 
CCAATGOGG CGICCGIGGC CGGAGCGCAT GGCATICCI CCITICTTG 2650 
GTICTTCGC GCCGCCTGGT ACATIAAGGG CAGGCIGGCT CCIGGGGOGG 2700 
CGTAIGCTT, TIATGGCGTA TGGCCGCIGCTCCIGCTCCT ACTGGCGITA. 2750 
CCACCACGAG CTACGCCTT GGACCGGGAG ATGGCIGCAT CGGOGGGGG 28OO 
TGCCGTICT CIAGGCIGG TATICTTGAC CTIGCACCA. TACACAAAG 285O 
TGTTICICAC TAGGCTCATA TGGIGGTTACAATACTTTAT CACCAGAGCC 2900 
GAGGCGCACA GCAAGIGIG GGICCCCCCC CCAACGTIC GGGGAGGOOG 295O 
CGAGCCATC ATCCICCCA CGIGIGCGG, TCATCCAGAG TAATTTTTG 3000 
ACACACCAA ACTCCIGCTC GCCATACTCG GCCOGCTCAT GGIGCTCCAG 305O 
GCGGCAIAA CGAGAGGCC GTACTTCGIG CGCGCTCAAG GGCCATCG 3100 
IGCATGCATG TTAGGOGAA AAGOGOOGG GGGCATTAT GICCAAATGG 350 
ICCATGAA GCTGGGCGCG CGACAGGA CGTACGTTTA AACCACI 32OO 
ACCCCACIGC GGGACGGGC CCACGCGGGC CTACGAGACC TIGCGGTGGC 3250 
OGAGAGCCC CTCCCTTCT COGOCATGGA GACCAAGGIC ACACCGGG 33OO 
GACCACACAC COCIOCGICT COCGACAICA CTIGGGCT ACCCGTCCC 3350 
GOCOGAAGGG GGAAGGAGAT ATTTTTGGGA COGGCTGATA GICTOGAAGG 3400 
GCAAGGGIGG CGACICCITG CGCCCAICAC GGCCTACICC CAACAAACGC 3450 
GGGGCGTACT TGGTTGCAIC AICACTAGCC TCACAGGCCG GGACAAGAAC 3500 
CAGGCGAAG GGGAGGTTCA AGIGGTTTCT ACOGCAACAC AACTTCCT 3550 
GGCGACCIGC AICAACGGCG GIGCIGGAC TGTCTACCAT GGCGCTGGCT 3600 
CGAAGACCCT AGCCGGCCA AAAGGICCAA CACCCAAAT GACACCAAT 3650 
GTAGACCTGG ACCIOGICGG CTGGCAGGCG CCCCCCGGGG CGCGCTCCAT 37OO 
GACACCAGC AGCIGIGGCA GCIOGGACCT TIACTGGC AOGAGACAIG 375O 
CTGATGTCAT TCOGGGCGC CGGCGAGGCG ACAGCAGGGG AAGICIACTC 38OO 

F.G. 4B 
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TCCCCCAGGC COGICTOCTA CCIGAAAGGCTCCTCGGGTG GICCATIGCT 3850 
TIGCCCTTCG GGGCACGTOG TGGGOGICTT COGGGCIGCT GIGIGCACOC 3900 
GGGGGGICGC GAAGGCGGTG GACTICATAC CCGTTGAGTC TATGGAAACT 3950 
ACCATGOGGT CTCOGGICTT CACAGACAAC ICAACCCCCC OGGCIGIACC 4000 
GCAGACATIC CAAGIGGCAC AICTGCACGC TOCTACTGGC AGOGGCAAGA 4050 
GCACCAAAG GCCGGCTGCG TATGCAGCCC AAGGGTACAA. GGIGCOGIC 4100 
CTGAACCCGT CCGTIGCCGC CACCTTAGGGTTTGGGGCGT ATAIGIOCAA 4150 
GGCACACGGT AIOGACCCTA ACATCAGAACTGGGGIAAGG ACCATTACCA 4200 
OGGGOGGCTC CATTACGAC TOCACCTATG GCAAGTIOCT TGOOGACGGT 4250 
GGCIGITCTG GGGGCGCCTA TGACAICAIA AIATGIGAIG AGIGOCACTC 4300 
AACIGACICG ACIACCATCT TGGGCATCGG CACAGIOCTG GACCAAGOGG 4350 
AGACGGCTGG AGCGCGGCC GICGIGCTOG CCACCGCTAC ACCIOOGGGA 4400 
TCGGTTACCG TGCCACACCC CAAATCGAG GAAATAGGCC TGTOCAACAA 4450 
TGGAGAGAIC CCCTICTATG GCAAAGOCAT COOCATTGAG GCCATCAAGG 4500 
GGGGGAGGCA TCICATITC TGCCATCCAAGAAGAAATG TGACGAGCC 4550 
GCOGCAAAGC TGACAGGCCT COGACIGAAC GCIGAGCAT ATEACCGGGG 46OO 
CCTTGATGG COGICATAC CGCCTATCGG AGACGTCGIT GICGTGGCAA 4650 
CAGACGCCT AATGACGGGT TICACOGGCG AT TIGACTC AGIGAOGAC 47OO 
TGCAATACA GTGICACCCA GACAGTCGAC TCAGCTIGG AICCCACC 4750 
CAOCATICAG ACGACGACCG GCOCCAAGA CGCGGGTCG CGCTCGCAAC 4800 
GGCGAGGAG AACTGGCAGG GGIAGGAGTG GCATCTACAG GTTTGIGACT 4850 
CCAGGAGAAC GGCOCICGGG CAGITCGAT TCTTCGGICC TGIGIGAGG 4900 
CTATGACGCG GGCGIGCTT GGIATGAGCT CACGCOCGCT GAGACCIOGG 4950 
TAGGIGCG GGCTTACCA AATACACCAG GGTTGOCCGT CIGCCAGGAC 5000 
CATCGGAGT TCTGGGAGAG CGTCCACA. GGCCT CACCC ACATAGAGC 5050 
OCACTTCCTG TCCCAGACTA AACAGGCAGG AGACAACTT CCTACCTGG 5100 
TGGCATATCA AGCTACAGTG TGOGCCAGGG CICAAGCICC ACCTCCATCG 5150 
TGGGACCAAA TGIGGAAGIG TCTCATACGG CTGAAACCTA CACTGCACGG 5200 
GCCAACACCC CTGCIGDATA GGCTAGGAGC CGTCCAAAAT GAGGICATCC 5250 
TCACACACCC CAAACTAAA TACAICAGG CATGCAGIC GGCTGACCG 5300 
GAGGICGTCA CTAGCACCG GGGCIGGTA GGCGGAGICC TIGCAGCT 5350 
GGCCGCATAC GCCTGACGA CAGGCAGTGT GGTCATTGIG GGCAGGATCA. 5400 
TCIGICCGG GAAGCCAGCI GCGTCCCG ACAGGGAAGT CCTCTACCAG 5450 
GAGTICGAIG AGATGGAAGA GIGIGCCICA CAACTICCIT ACA TOGAGCA 5500 
GGGAAGCAG CTOGCCGAGC AATTCAAGCA AAAGGCGCTC GGGTTGITGC 5550 
AAACGGCCAC CAAGCAAGOG GAGGCTGCTG CTCCCGGGT GGAGCCAAG 5600 
GGCGAGCCC TGAGACCIT CTGGGOGAAG CACAIGIGGA ATICAICAG 5650 
CGGAATACAG TACCTAGCAG GCTTACCAC TCTGCCIGGA AACCCCGCGA 5700 

FIG. 4C 
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TAGCATCATT GATGGCATTT ACAGCITCTA TCACTAGOCC GCICACCACC 5750 
CAAAACACCC TCCIGTTTAA CATCTTGGGG GGATGGGIGG CIGCCCAACT 5800 
CGCICCICCC AGOGCIGCGT CAGCITICGT GGGCGCCGGC AICGCCGGAG 5850 
CGGCIGTIGG CAGCATAGGC CTIGGGAAGGIGCTOGTGGA CAICTIGGCG 5900 
GGCTATGGGG CAGGGGAGC CGGCGCACTC GIGGCCTTTA AGGICAIGAG 5950 
CGGCGAGGIG CCCICCACCG AGGACCTGGT CAACTTACTC CCIGCCATOC 6000 
TCICICCIGGTGOOCIGGIC GIOGGGGICG TGIGOGCAGC AATACIGOGT 6050 
CGGCACGTGG GCCOGGGAGA GGGGGCIGIG CAGIGGATGA ACOGGCIGAT 6100 
AGCGITCGCT TOGOGGGGIA ACCACGTCTC CCCTACGCAC TAIGIGOCIG 6150 
AGAGOGACGC TGCAGCACGT GICACTCAGA TCCICICIAG CCTEACCAIC 6200 
ACTCAACIGC GAAGCGGCT CCACCAGTGG ATTAATGAGG ACIGCICTAC 6250 
GCCAIGCTCC GGCTCGGGC TAAGGGAIGT TIGGGATTGG ATATGCACGG 6300 
TGIGACIGA CTCAAGACC TGGCTCCAGT CCAAACTOCT GOOGCGGTTA 635O 
CCGGGAGCC CTTCCTGIC AIGOCAACGC GGGTACAAGG GAGICGGCG 6400 
GGGGGACGGC ATCATGCAAA CCACCIGCCC ATGCGGAGCA CAGATCGCCG 6450 
GACAIGICAA AAACGGTTCC ATGAGGAOG TAGGGCCTAG AACCGCAGC 6500 
AACACGTGGC ACGGAACGTT CCCCATCAAC GCATACACCA CGGGACCTTG 6550 
CACACCCICC CCGGOGCCCA ACAITCOAG GGCGCTATGG OGGGGGCG 6600 
CGAGGAGA CGGGAGGTT ACGCGIGIGG GGGATTTCCA CIACGIGACG 6650 
GGCAGACCA CIGACAACGT AAAGIGCOCA TGCCAGGTTC CGGCCCCCGA 67OO 
ATTCTTCACG GAGGGGATG GAGGCGGIT GCACAGGTAC GCIOCGGOG 6750 
GCAAACCICT TOTACGGGAG GACGTCACGT TOCAGGICGG GCCAACCAA 68OO 
TACTGGOG GGCGCAGCT CCCATGOGAG CCOGAACOGG ACGEAACAGT 6850 
GCTTACTIOC AGCCACCG ACCCICCCA CATACAGCA GAGACGGCTA 6900 
AGOGTAGGCT GGCAGAGGG TCIOCCCCCT CTTAGCCAG CICAICAGCT 6950 
AGCCAGITG CGOGCCIIC TTGAAGGCG ACAGCACA CCCACCAGA TOOO 
CTCCCOGGAC GCGACCCA TOGAGGCCAA CCCTTGIGG OGGCAGGAGA 7050 
TGGGCGGAAA CATCACTCGC GIGGAGICAG AGAATAAGGT AGTAATTCTG 7100 
GACICICG AACOGCTICA CGCGGAGGGG GATGAGAGGG AGATATCCGT 7150 
CGCGGOGGAG ATCCIGCGAA AAICCAGGAA GTTCCCCTCA GOGTTGCCCA 7200 
TAGGGCAOG OCOGGACTAC AATOC TOCAC IGCTAGAGC CTGGAAGGAC 7250 
CCGGACACGTCCCTCCGGT GGACACGGA TGOOCATIGC CACCACCAA 7300 
GGCTCCICCA ATACCACCC CACGGAGAAA GAGGAOGGTT GOCGACAG 7350 
AAICCAAIGT GICICIGCC TIGGOGGAGC ICGCCACTAA GACCTIOGGT 7400 
AGCCCGGAT CGICGGCCGT TGATAGOGGC ACGGCGACOG COCTIOCGA 7450 
CCTGGCCTCC GACGACGGG ACAAAGGAC CGACGTGAG TOGEACCCT 7500 
CCAIGCCCCC CCTTGAAGGG GAGCCGGGGG ACCCCGAICT CAGOGACGGG 7550 
"ICIGGCTA COGIGAGGA GGAGGCTAG GAGGATGOG TCGCIGCTC 7600 

FIG. 4D 
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AATGICCTAT ACGIGGACAG GCGCCCGAT CACGCCAIGC GCTGOGGAGG 76.50 
AAAGTAAGCT GCCCATCAAC COGITGAGCA ACTCTTTGCT GOGICACCAC 7700 
AACAIGGICT ACGCCACAAC ATCCOGCAGC GCAAGCCICC GGCAGAAGAA 7750 
GGICACCTTT GACAGATTGC AAGICCIGGA TGATCATTAC CGGGACGTAC 7800 
TCAAGGAGAT GAAGGOGAAG GOGICCACAG TAAGGCAA GCTTCTATCT 7850 
ATAGAGGAGG OCGCAAGCT GACGCCCCCA CATTOGGCCAAATCCAAATT 7900 
TGGCTATGGG GCAAAGGACGTCCGGAACCT ATOCAGCAGG GCCGTTAAOC 7950 
ACAIOCGCTC CGIGIGGGAG GACIGCTGG AAGACACIGA AACACCAATT 8000 
GACACCACCA CAGGCAAA AAGIGAGGTTTTCTGOGOC AACCAGAGAA 8050 
GGGAGGCCGC AAGCCAGCTC GCCTTACGT ATIOOCAGAC CIGGGAGC 8100 
GIGAGCGA GAAGATGGCC CTTACGACG TGGICIOCAC OCTOCICAG 8150 
GCCGIGAIGG GCTCCCAA CGGATTCAA TACICOCOCA AGCAGCGGGT 8200 
CGAGTCCIG GIGAATACC GGAAATCAAA GAAAIGCOC AGGGCICT 8250 
CATATGACAC CCGCGTTTT GACCAACGG TCACIGAGAG. TGACATIOG 83OO 
GTGAGGAGT CAATTACCA AIGITGIGAC TIGGOOOCOG AGGCCAGACA 83.50 
GGCCATAAGG TCGCTCACAG AGCGGCTTA. CATCGGGGGT CCCCIGACTA 8400 
ACT CAAAAGG GCAGAACGC GGITATCGCC GGIGOCGCGC AAGGGCGIG 8A50 
CGACGACTA GCIGCGGAA TACCC ICACA TGTTACTIGA AGGCCACGC 8500 
AGCCTGIOGA GCIGCAAAGC TOCAGGACIG CACGATGCTC GIGAACGGAG 8550 
ACGACCTIGT CGTTAICTGT GAAAGCGCGG GAACCCAGGA GGATGCGGCG 8600 
GCCCTACGAG CCTTCACGGA GGCTATGACT AGGIATIOCG COOOOOOOGG 8650 
GGAIOCGCOC CAACCAGAAT ACGACCGGA GCGATAACA TCATGTTCCT 8700 
CCAAGIGIC AGICGCGCAC GAGCAICTG GCAAAAGGGT ATACTACCTC 8750 
ACCCGIGACC CCACCACCCC CCTTGCACGG GCTGCGIGGG AGACAGCTAG 8800 
ACACACTCCAATCAACCTT GGCAGGCAA ACACAG TAGCGCOCA 8850 
COCIAIGGGC AAGGAIGATT CIGATGACIC ACTTTTTCTC CAICCTTCTA 8900 
GCICAAGAGC AACTTGAAAA AGCOCIGGAT TGICAGAICT ACGGGGCTIG 8950 
CIACTCCATT GAGCCACTIC ACCACCCA GAICATTGAA CGACICCATG 9000 
GTCTTAGCGC ATTTACACTC CACAGITACT CTCCAGGIGA GATCAATAGG 9050 
GIGGCTTCAT GCCICAGGAA ACTIOGGGTA CCACCCTIGC GAACCTGGAG 9100 
ACATCGGGCC AGAAGIGICC GCGCTAAGCT ACIGTCCCAG GGGGGGAGGG 9150 
CCGCCACTIG IGGCAGATAC CCTTTAACT GGGCAGTAAG GACCAAGCTT 9200 
AAACICACTC CAAICCCGGC CGCGICCCAG CIGGACTIGT CIGGCIGGTT 9250 
CGTCGCIGGT TACAGOGGGG GAGACATALA ICACAGCCTG TCTCGIGCCC 9300 
GACCCCGCIG GITIOCGTT G TGCCIAC ICC TACTTTCIGT AGGGGTAGGC 9350 
ATTTACCTGC ICCCCAACOG ATGAACGGGG AGCIAACCAC TCCAGGCCIT 9400 
AAGCCA'I'C CIGI ITTTTT TTITITILIT TITTTTTTT ICTTTTTTTT 9450 
TTICITICOT TICCITCITT TITICCITIC IIIT ICCCTT CITTAATGGT 9500 

FIG. I.4E 



U.S. Patent Dec. 7, 2010 Sheet 29 of 49 US 7,846,454 B2 

10 20 30 40 50 
1234567890 1234567890 1234567890 1234567890 1234567890 
GGCTCCAICT TAGCOCTAGT CACGGCEAGC TGIGAAAGGT COGIGAGCCG 9550 
CATGACTGCA GAGAGIGCTG ATACGGCCT CICGCAGAT CATGT 9595 

FIG. 4F 
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10 20 30 40 50 
1234567890 1234567890 1234567890 1234567890 1234567890 
LRRHWGPGE GAVOWMNRLI AFASRGNHVS PIHYWPESDA AARVIQLSS 1950 

LTTIQLLKRL, HOWNEDCST PCSGSWLRDW WDWICTVLTD FKTWTQSKLL 2000 
PRLPGVPFTS CORGYKGWR GDGIMOTTCP CGAQIAGHVK NGSMRTVGPR 2050 
ICSNIWHGIF PINAYTIGPC TPSPAPNYSR ALWRVAAEEY VEVTRWGDFH 2100 
YVTGMTINV KCPCOVPAPE FFTEVDGVRL HRYAPACKPL LREDWTFQVG 2150 
LNOYLVGSQL PCEPEPDWIV LTSMLIDPSH TTAETAKRRL ARGSPPSLAS 2200 
SSASQLSAPS LKAICTIHHD SPDADLLEAN LLWRQEMGGN TIRVESENKV 2250 
VILDSFEPH AEGDEREISV AAELRKSRK FPSALPTWAR PDYNPPLLES 2300 
WKDPDYVPPV VHGCPLPPIK. APPPPPRRK RWITESNV SSALAEAK 2350 
TFGSSGSSAV DSGATALPD I ASDGDKGS DVESYSSMPP LEGEPGDPDL 2400 
SDGSWSIVSE EASEDWCCS MSYTWGALITCAAEESKL PNPLSNSLL 2450 
RHHNMVYATT SRSASLROKK VTFDRLQVLD DHYRDVLKEM KAKASTVKAK 2500 
LLSEEACKL TPPHSAKSKF GYGAKDWRNL, SSRAVNHRS WEDLLEDTE 2550 
TPLDTTMAK SEVFCVOPEK GGRKPARLIV FPDLGVRVCE KMALYDWST 2600 
LPQAVMSSY GFQYSPKQRV EFLVNIWKSK KCPMGFSYDT RCFDSTVTES 2650 
DRVEESYQ CCDLAPEARQ ATRSLTERLY TGGPLTNSKG QNOGYRRCRA 2700 
SGVLTTSCGNTLICYLKATA ACRAAKLQDCTMLVNGDDLV VICESAGIQE 2750 
DAAALRAFTE AMTRYSAPPG DPPOPEYDLE LTTSCSSNVS VAHDASGKRV 2800 
YYLTRDPTTP LARAAWETAR HTPNSW GN MYAPT WA RML MIHFFS 2850 
LLLAQEOLEK ALDCOLYGAC YSIEPLDLPQ ITERTHGLSA FTTHSYSPGE 2900 
NRWASCLRK LGVPPLRIWR HRARSVRAKL LSOGGRAAIC GRYLFNWAVR 2950 

TKLKLTPIPA. ASQLDISGWF VAGYSGGDIY HSLSRARPRW FPLCLLLLSV 3000 
GVGYLLPNR 3OO 

FIG. 4H 
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#2. Strategy for constructing chimeric clone of HCV (pH77CV-J4) 
which contains the nonstructural region of strain H77 and the 
structural region of strain HC-J4 

delete pCV-H77C 
R3 is x, y 's x.'s. Y S is, was r. s. v. O 3'UTR 

EE2P, Sists ASB SSANS5B. AYA wwww. 

Age (156) Clai (710) Eco 47 ill (blunt end; 2851) Hindlii Ade. Aft 
GCA TAC GCA (7862) (91.60) (9403) 
-CA-TAT G. . g ce-ATA Gt 
Noel (2763) gcT ATA TGt 

H7851S - tX- H9173R(P-M) 

INde Eco 47 in Fusion PCR pi B PCR products Cladel Eco 47. upms C 
X-O ( H9140S(P-M) -- - H947R 

H2751S (Clat/Nodel) H287OR 

XhoI (2282) Nde (2763) 
pCV-J4L6S D 

-> --- 
4-2271S J4-2776R (Noel) 

1. Fragment A, B, C and D; PCR amplification from pCV-H77C or pCV-J4L6S 
• Fragment A ; additional Clal site, artificial Nde site induced by a single mutation 
(C-T at nt 2765 of H77C) and authentic Eco47 ill site 
• Fragment B and C ; eliminated Nde site by a single mutation within the primers 
(C-T at nt 9158 of H77C), and fusion PCR with both fragments 
• Fragment D; artificial Nde site induced by 2 point mutations within the primer 
(T-A at nt 2762 and C-T at nt 2765 of J46S) 

2. TA cloning of PCR products 
3. Sequence analysis 
4. Cioning of Fragment A (Clal-Eco 47lli ) and Fragment B/C (Hind tit-Aflt) with correct 
sequence into pCV-H77C 

5. Complete sequence analysis of new cassette vector (pH7 7CV, into which the structural 
regions of different genotypes can be inserted. 

6. Cloning of Fragment-Age l/Xho (cut out from pCV-J4 L6S) and fragment D (Xho-Nae ) 
with correct sequence into the new cassette vector; 3 piece tigation 

7. Complete sequence analysis of 1a-1 b chimera (pH77CV-J4) 
8. In vitro transcription (within 24 hours of inoculation) 
9. Percutaneous intrahepatic transfection into chimpanzee 

FIG. 5 
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GGAACTACIG TCTTCACGCA GAAAGOGICT AGCCATGGCG TAGLATGAG 100 

CGGAACOGGT GAGTACACCG GAATTGOCAG GACGACCGGGTCCITICTTG 200 
GATCAAOCOG CICAAIGCCT GGAGATTTGG GCGIGCOCCC GOGAGACGC 250 
TAGCOGAGIA GTGTIGGGIC GOGAAAGGOC TTGTGGTACT GCCIGADAGG 300 
GIGCTTGOGA. GIGCOCOGGG AGGICTOGIA GACOGIGCAC CATGAGCAOG 350 
AATCCTAAAC CCAAAGAAA AACCAAAOGT AACACCAACC GOOGOOCACA 400 

TGOOGOGCAG GGGCCCCAGG TIGGGIGIGC GCGCGACTAG GAAGGCTIOC 5OO 
GAGOGGICGC AACCTCGIGG AAGGOGACAA CCTATCCCAA AGGCIOGOOG 550 
ACCCGAGGGC AGGGCCIGGG CICAGCCOGG GTACCCTTGG CCCCCLAIG 6OO 
GCAATGAGGG CCTGGGGGG GCAGGATGGC TOCTGTCACC COGOGGCIOC 650 
CGGOCTAGIT GGGGCOOCAC GGACCCCCGG OCTAGGICGC GTAACTTGGG 7OO 
TAAGGICAIC GATACCCTTA CATGOGGCTT CGCCGAICIC AIGGGGTACA 750 
TIOCGCICGT CGGOGOOOCC CTAGGGGGOG CIGCCAGGGC CTTGGCACAC 8OO 
GGGOOGGG TCGGAGGA CGGCGIGAAC AIGCAACAG GGAACTGCC 850 
CGGTIGCICT TICTCTATCT TOCTCTIGGC TCTGCIGICC TGITGACCA 900 
TOOCAGCTTC CGCTTAGAA GTGOGCAACG TGOOGGGAT ATACCATGIC 950 
ACGAACGACT GCTCCAACIC AAGCATIGIG TATGAGGCAG CGGACGIGAT 10OO 
CATGCATACT COOGGGGCG TGOCCGIGT TCAGGAGGGT AACAGCCCC 1050 
GGCGGGT AGOGCTCACT COCACGCOG CGGCCAGGAA GCCAGOGIC 1100 
CCCACACGA CAATACGAOG CCAOGOGAC TIGCOGITG GGACGGCGC 1150 
TITCTGCTCC GCTAIGTACG TGGGGGAICT CTGOGGATCT ATITIOCICG 1200 
TCTCCCAGC GT CACCC TOGOCOGCC GGCAGAGAC AGGCAGGAC 250 
TGCAACIGCT CAATCATCC OGGOCAGA TCAGGICAOC GCATGGCTG 13OO 
GGAAGAIG AGAACGGT CACCTACAAC AGCOCTAGIG GIGICGCAG 1350 
TGCTCCGGAT COCACAAGCT GOGGGACA TGGGGCGGG GGCCCACGG 4OO 
GGAGIOCGG OGGGCCIGC CIACTATCC ATGGAGGGA ACGGGCTAA 1450 
GGITCGATT GTGGOGCTAC TCTTGOOGG CGTIGACGGG GAGACCCACA 1500 
CGACGGGGAG GGIGGOOGGC CACACCACCT CCGGGTTCACGTCCCTTTIC 1550 
TCAICTGGGG CGICICAGAAAAIOCAGCT GIGAAEACCA ACGGCAGCTG 1600 
GCACATCAAC AGGACIGCCC TAAATIGCAA TGACTOCCTC CAAACTGGGT 1650 
TCITIGCOGC GCIGITITAC GCACACAAGT TCAACOGIC CGGGIGOCOG 1700 
GAGCGCATGG CCAGCIGCOG COOCATIGAC TGGTTCGCOC AGGGGTGGGG 1750 
CCCCAICACC TATACTAAGC CTAACAGCTC GGAICAGAGG CCTTATIGCT 1800 
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GGCATTACGC GCCTOGACOG TGIGGIGICG TACCCGCGTC GCAGGIGIGI 1850 
GGICCAGIGT ATTGTTTCAC COCAAGOCCT GTTGIGGIGGGGACCACCGA 1900 
TOGTTCOGGT GICCCTACGT ATAGCTGGGG GGAGAATGAG ACAGAOGIGA 1950 
TGCLCCTCAA CAACAOGOGT COGCCACAAG GCAACIGGTT CGGCIGTACA 2000 
TGGATGAATA GTACTGGGTT CACTAAGACG TGOGGAGGIC CCCCGIGAA 2050 
CATCGGGGGG GICGGTAACC GCACCTIGAT CIGCCCCACG GACIGCTIOC 2100 
GGAAGCACCC OGAGGCIACT TACACAAAAT GIGGCTCGGG GCOCIGGTIG 21 SO 
ACACCTAGGT GOCTAGTAGA CTACCCATAC AGGCITIGGC ACTACCCCTG 2200 
CACICICAATTTTTCCATCT TTAAGGTTAG GATGTATGTG GGGGGCGIGG 2250 
AGCACAGGCT CAATGOOGCA TGCAATTGGA CTCGAGGAGA GOGCIGTAAC 2300 
TIGGAGGACA GGGATAGGIC AGAACTCAGC CCGCIGCGC TGICTACAAC 2350 
AGAGIGGCAG ATACIGCOCT GIGCTTTCAC CACCCTACOG GCTTTATOCA 2400 
CIGGITIGAT OCACIOCAT CAGAACAIOG TOGACGIGCA ATACCGIAC 2450 
GGIGAGGGT CAGCGTTTGT CTCCTTTGCA ATCAAATGGG AGTACAICCT 2500 
GTIGCTTTTC CTTCTCCIGG CAGACGCGCG CGIGIGIGCC TGCTIGGGA 2550 
TGAIGCIGCT GATAGCOCAG GCIGAGGOOG CCTTAGAGAA CTIGGGGIC 26OO 
CICAAIGCGG CGICOGGGC CGGAGOGCAT GGTATTCICT CCTTICTIGI 2650 
GTICTICGC GOOOOCTGGT ACATTAACGG CAGGCIGGCT CCIGGGGOGG 2700 
CGIAIGCTTT TIATGGOGTA TGGOOGCIGC TOCIGCTCCT ACTGGCGITA 2750 
CCACCAOGAG CATAGCACT GGACACGGAG GIGGOOGCGT CGIGIGGOGG 28OO 
CGTIGITCTT GICGGGTTAATGGCGCTGAC TCIGICGCCA TATTACAAGC 2850 
GCTA AICAG CIGGGCAIG TGGGGCTIC AGTATTTICT GACCAGAGTA 2900 
GAAGOGCAAC GCACGTGG GGTOOOOOC CCAAOGOC GGGGGGGGCG 29SO 
OGAGCCGC ACT ACTCA TGIGIGAGT ACACCCGACC CTGGTATTG 3OOO 
ACAICACCAA ACTACICCIG GCCATCTIOG GACCCCITG GATICTICAA 3050 
GCCAGTIGCTAAAGICOC CTACTICGIG CGCGTCAAG GCCTCTCCG 300 
GAICGCGCG CTAGOGOGGA AGATAGOOGG AGGICATICAC GTGCAAATGG 3150 
OCACACAA GTAGGGGCG CTIACTGGCA OCAGGTA AACCACC 32OO 
ACCCCTCTTC GAGACTGGGC GCACAACGGC CTGOGAGAIC TGGOOGIGGC 3250 
TGIGGAACCA GTOGICTICT CCOGAAIGGA GACCAAGCIC AICACGTGGG 3300 
GGGCAGATAC CGCCGCGIGC GGIGACAICA TCAACGGCTT GOCOGICICI 3350 
GCOCGTAGGG GCCAGGAGAT ACIGCTTGGG CCAGCCGACG GAATGGICIC 3400 
CAAGGGGGG AGGIIGCTGG CGCOCATCAC GGCGTACGOC CAGCAGACGA 3450 
GAGGCCTCCT AGGGIGTATA ATCACCAGCC TGACIGGOOG GGACAAAAAC 3500 
CAAGIGGAGG GIGAGGICCA GAICGTGICA ACIGCTACCC AAACCTIOCT 3550 
GGCAACGTGC ATCAATGGGG TAIGCIGGAC TGICTACCAC GGGGCCGGAA 3600 
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OGAGGAOCAT CGCATCACCC AAGGGICCIG TCATOCAGAT GLADACOAAT 3650 
GTGGACCAAG ACCTTGIGGG CIGGOOOGCT OCICAAGGIL COOGCICATT 3700 
GACACCCIGT ACCTGOGGCT CCTOGGAOCT TEACCTGGIC ACGAGGCACG 3750 
CCGATGTCAT TOOOGTGOGC CGGOGAGGIG ATAGCAGGGG TAGOCIGCIT 3800 
TCGCCOCGGC CCATTTCCTA CTTGAAAGGC TOCIOGGGGG GIOCGCIGIT 3850 
GTGOCCCGCG GGACACGCCGTGGGCCTATT CAGGGOOGOG GIGIGCACCC 3900 
GIGGAGIGGC TAAAGOGGIG GACTTTATCC CIGIGGAGAA OCTAGGGACA 3950 
ACCATGAGAT CCOOGGIGTTCACGGACAAC TOCTCTCCAC CAGCAGIGOC 4000 
CCAGAGCITC CAGGIGGCCC ACCIGCAIGC ICCCACCGGC AGOGGIAAGA 4OSO 
GCACCAAGGT COCGGCIGCG TACGCAGOCC AGGGCTACAA. GGIGTIGGIG 4100 
CICAACCCCT CIGTIGCIGC AACGCIGGGC TTTGGIGCTT ACAIGIOCAA 4150 
GGCCCAGGG GTIGATCCTA ATATCAGGAC CGGGGIGAGA ACAATTACCA 4200 
CIGGCAGCOC CATCACGTAC TOCACCTACG GCAAGTTCCT TOOOGAOGGC 4250 
GGGTGCICAG GAGGIGCTA TGACATAATA ATTTGIGAOG AGIGCCACIC 4300 
CACGGAGCC ACACCAICT TOGGCACGG CACIGCC GACCAAGCAG 4350 
AGACTGOGGG GGOGAGACIG GIGIGCTCG OCACIGCTAC COCOOGGGC 4400 
TCOGICACTG GICCCATCC TAACAIOGAG GAGGTGCTC TGICCACCAC 4450 
OGGAGAGAIC CCCITT ACG GCAAGGCTAT CCCCCCGAG GIGACAAGG 4500 
GGGGAAGACA TCTCATCTIC TGCCACCAA AGAAGAAGIG CGAOGAGCTC 4550 
GCOGOGAAGC TGGTOGCAT GGGCACAAT GOOGGGOCT ACTACOGOGG 4600 
ICTTGACGG TCTGICAICC CGACCAGOGG OGAGGC GOGTGTCGA 4650 
CCGATGCTCT CATGACTGGC TITACOGGOG ACTIOGACC TGIGATAGAC 4700 
TGCAACACG GIGICACICA GACAGTCGAT TICAGCCTG ACCCTACCTT 4750 
TACCATIGAG ACAACCACGC TCCCCCAGGA TGCIGICTCC AGGACICAAC 4800 
GCCGGGGCAG GACTGGCAGGGGGAAGCCAG GCATCTATAG ATTTGTGGCA 4850 
CCGGGGGAGC GCCOCTCOGG CAIGITCGAC TOGICCGTCC TCTGIGAGIG 4900 
CTAGACGCG GGCGIGCTT GGTAGAGCT CACGCCOGCC GAGACTACAG 4950 
TTAGGCTACG AGCGTACAIG AACACOCOGG GGCTIOOCGT GIGCCAGGAC 5000 
CAICTTGAAT TIGGGAGGG CGICTTACG GGOCICACIC AIATAGAIGC 5050 
CCACTTTTTA TOCCAGACAA AGCAGAGTGG GGAGAACTTT CCTTACCTGG 5100 
TAGOGACCA AGCCACCGTG TGCGCTAGGG CTCAAGOOOC TOOOOCATOG 5150 
IGGGACCAGA TGGGAAGGTTTGACOGC CTTAAACCCA CCCICCATGG 5200 
GOCAACACCC CIGCTATACA GACIGGGOGC TGITCAGAAT GAAGICACCC 5250 
TGACGCACCC AATCACCAAA TACAICAIGA CATGCATGIC GGCCGACCTG 5300 
GAGGICGICA CGAGCACCIG GGIGCTCGIT GGCGGOGICC TGGCIGCTCT 5350 
GGOOGCGTATTGCCTCTCAA CAGGCTGOGT GGICATAGTG GGCAGGATOG 5400 
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TCTIGICCGG GAAGCOGGCA ATTATACCIG ACAGGGAGGTTCTCTACCAG 5450 
GAGTTCGATG AGATGGAAGA GIGCTCCAG CACTTACOGT ACATCGAGCA 5500 
AGGGATGAIG CICGCIGAGC AGTICAAGCA GAAGGCOCIC GGCCICCIGC 5550 
AGACOGOGIC CCGCCAIGCA GAGGTTATCA CCCCIGCIGT CCAGACCAAC 5600 
TGGCAGAAAC TOGAGGTCTT TIGGGOGAAG CACATGIGGA ATTTCATCAG 5650 
TGGGATACAA TACTIGGOGG GCCIGICAAC GCIGCCIGGT AACOCOGOCA 5700 
TIGCTICATT GATGGCTITT ACAGCIGCCG TCACCAGCCC ACIAAOCACI 5750 
GGCCAAACOC TOCICTTCAA CATATTGGGG GGGIGGGIGG CIGCOCAGC 5800 
CGCCGCCCCC GGIGCOGCEA CTGCCITTGT GGGIGCTGGC CTAGCIGGOG 5850 
CCGCCATCGG CAGOGTTGGA CTGGGGAAGG TCCTCGIGGA CATTCTIGCA 5900 
GGGIATGGOG CGGGCGIGGC GGGAGCTCTT GTAGCATTCA AGATCAIGAG 5950 
CGGIGAGGIC CCCTCCACGG AGGACCIGGT CAATCIGCTG CCCGCCAICC 6000 
TCCGCCTGG AGCOCTTGTA GTCGGGTGG TCIGCGCAGC AATACIGCGC 6050 
CGGCACGTTG GCCCGGGCGA. GGGGGCAGIG CAATGGATGAACOGGCTAAT 6100 
AGCCTIOGOC TOCOGGGGGA ACCAIGTTC CCCCACGCAC TACGGCCGG 650 
AGAGCGAIGC AGCCGCOCGC GICACIGCCA TACICAGCAG CCTCACTGIA 62OO 
ACCCAGCTCC TGAGGOGACT GCATCAGIGG ATAAGCTCGG AGIGIACCAC 6250 
TCCAIGCTCC GGTICCIGGC TAAGGGACAT. CTGGGACTGG AIATGOGAGG 63OO 
TGCIGAGCGA CTTTAAGACC TGGCTGAAAG CCAAGCTCAT GOCACAACTG 6350 
CCTGGGATIC CCTTIGIGIC CIGCCAGOGC GGGIATAGGG GGGTCTGGCG 6400 
AGGAGACGGC ATTATGCACA CTCGCIGCCA CTGIGGAGCT GAGATCACTG 6450 
GACATGICAA AAACGGGACG ATGAGGATCG TOGGIOCTAG GACCIGCAGG 6500 
AACAIGIGGA GTGGGACGTT CCCCATTAAC GCCTACACCA OGGGCCCCTG 6550 
TACIOCCCTT CCIGCGCOGAACTATAAGTT CGCGCIGIGG AGGGIGICIG 6600 
CAGAGGAATA CGIGGAGATA AGGCGGGTGG GGGACTIOCA CTACGTATCG 6650 
GGTAIGACTA CTGACAATCT TAAATGCCCG TGCCAGATOC CATCGCCCGA 6700 
ATTTTCACA GAATIGGACG GGGIGCGCCT ACACAGGTTT GCGCCCCCTT 6750 
GCAAGCCCTT GCTGOGGGAG GAGGTATCAT TCAGAGTAGG ACTCCAOGAG 6800 
TACCCGGIGG GGICGCAATT ACCTIGOGAG CCCGAACOGG ACGTAGOCGT 6850 
GIGACGTCC ATGCICACIG AICCCICCCA TATAACAGCA GAGGOGGCCG 6900 
GGAGAAGGIT GGCGAGAGGG TCACCCCCIT CLAIGGCCAG CTCCTOGGCT 6950 
AGCCAGCIGT CCGCICCATCTCCAAGGCA ACTIGCACOG COAACCAIGA 7000 
CIOOOCIGAC GCOGAGCCA TAGAGCCAA CCIOCTGGG AGGCAGGAGA T050 
TGGGCGGCAA CATCACCAGG GIGAGICAG AGAACAAAGT GGIGATICTG 7100 
GACTCCTTCG AIOCGCTIGT GGCAGAGGAG GAIGAGCGGG AGGICIOCGT 750 
ACCIOCAGAAATTCIGCGGA AGICTCGGAG ATICGCOCGG GCOCTGCCOG 7200 
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TCIGGGCGCG GCCGGACTAC AACCCCCCGC TAGTAGAGAC GIGGAAAAAG 7250 
CCTGACTACG AACCACCTGT GGICCATGGC TGCOCGCTAC CACCIOCAOG 7300 
GTCCCCTCCT GIGCCICCGC CTCGGAAAAA GCGTACGGIG GICCICACOG 7350 
AATCAACCCT ATCTACIGCC TTGGOOGAGCTTGCCACCAA AAGITTIGGC 7400 
AGCIOCICAA CTTCOGGCAT TACGGGOGAC AATACGACAA CATCCICIGA 7450 
GOOOGOOOCT TCIGGCIGCC COCOOGACIC CGAOGTTGAG TOCTATICTT 7500 
CCAIGOOOCC CCTGGAGGGG GAGCCTGGGG ATCOGGAICT CAGOGAOGGG 7550 
TCATGGICGA CGGICAGTAG TGGGGOOGAC ACGGAAGATG TCGIGIGCTG 7600 
CICAATGICT TATICCIGGA CAGGOGCACT CGICACCCOG TGCGCIGOGG 76.50 
AAGAACAAAA ACIGCOCATC AACGCACIGA GCAACTOGTT GCTACGCCAT 7700 
CACAATCTGG TGTATIOCAC CACTTCACGC AGIGCTTGCC AAAGGCAGAA 7750 
GAAAGICACA TTIGACAGAC TGCAAGITCT GGACAGCCAT TACCAGGACG 7800 
TGCTCAAGGA GGICAAAGCA GOGGCGICAA AAGIGAAGGC TAACTTGCTA 7850 
TCCGTAGAGG AAGCTIGCAG CCTGACGCCC CCACATICAG CCAAATCCAA 7900 
GTTTGGCTAT GGGGCAAAAG ACGICCGITG CCATGCCAGA AAGGCCGIAG 7950 
CCCACATCAA CTCCGIGIGG AAAGACCTTC iGGAAGACAG TGTAACACCA 8000 
ATAGACACTA CCATCATGGC CAAGAAOGAG GTTTTCTGOG TICAGOCIGA 8050 
GAAGGGGGGT CGTAAGCCAG COGICTCAT CGTGTTCCCC GACCGGGCG 81OO 
TGOGCGIGIG CGAGAAGATG GOOCIGIACG ACGTGGTTAG CAAGCIOCCC 8150 
CIGGOOGTGA TGGGAAGCC CTACGGATTC CAAACICAC CAGGACAGCG 82OO 
GGTTGAAC CTCGIGCAAG CGGGAAGC CAAGAAGACC CCGATGGGGT 8250 
TCTOGAIGA TACCOGCTGT TTTGACIOCA CAGICACIGA GAGOGACATC 8300 
CGTACGGAGG AGGCAATTA. CCAAGTGT GACCGGACC COCAAGOOOG 835O 
CGIGGOCATC AAGIOOCTCA CGAGAGGCT TAGTGGG GGOOCTCTTA 8400 
CCAATTCAAG GGGGGAAAAC TGOGGCTAOC GCAGGTGOOG CGOGAGCGGC 8A50 
GTACIGACAA CTAGCIGIGG TAACACOCIC ACTIGCTACA TCAAGGOCOG 8500 
GGCAGCCGT CGAGCCGCAG GGCTCCAGGA CGCACCATG CIOGIGIGIG 85.50 
GCGACGACIT AGTOGTATC TGIGAAAGG OGGGGGICCA GGAGGACGCG 8600 
GOGAGCCTGA GAGCCTTCAC GGAGGCIAG ACCAGGTACT COGCCCCCCC 8650 
CGGGGACCCC COACAAOCAG AATACGACTT GGAGCITATA ACAICAIGC 8700 
CCTCCAACGT GICAGICGCC CACGACGGCG CIGGAAAGAG GGICTACTAC 8750 
CTTACCOGG ACCCTACAAC COCOCICGCG AGAGCCGCGT GGGAGACAGC 8800 
AAGACACACT COAGICAATT CCTGGCLAGG CAACACAATC AIGITIGCOC 8850 
CCACACIGIG GGOGAGGAIG ATACIGAIGA CCCATITCT TAGOGICCTC 8900 
ATAGCCAGGG ATCAGCTTGAACAGGCICTT. AACIGIGAGA TCTACGGAGC 8950 
CIGCTACTCC ATAGAACCAC TGGAICTACC TOCAATCATT CAAAGACIOC 9000 
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ATGGCCICAG CGCATTTTCA CTCCACAGTT ACICICCAGG TGAAATCAAT 9050 
AGGGIGGOOG CATGCCTCAGAAAACTIGGG GICCCGCCCTTGOGAGCTIG 9100 
GAGACACOGG GCCOGGAGCG TOCGCGCTAG GCTICIGICC AGAGGAGGCA 9150 
GGGCIGCTATATGIGGCAAG TACCICTICA ACTGGGCAGT AAGAACAAAG 9200 
CTCAAACICA CTCCAATAGC GGOOGCIGGC OGGCIGGACT TOTCOGGTTG 9250 
GTTCACGGCT GGCTACAGOG. GGGGAGACAT TTATCACAGC GIGICICAIG 9300 
COOGGCOCOG CIGGTTCIGGTTTIGCCTAC TOCIGCTCGC TGCAGGGGA 9350 
GGCAICTACC TOCIOCCCAA COGAIGAAGGTIGGGGTAAA CACTCCGGCC 94.00 
TCTEAAGCCA TTIOCIGTTTTTTTTTTTTTTTTTTTTTTTTTTTICTTTT 9450 
TTTITTICTT ICCTTTCCTT CITTTTTTCCTTICTTTTTC CCTICTTIAA g500 
TGGIGGCTCC ATCTTAGOCC TAGICACGGC TAGCIGIGAA AGGICCGIGA 9550 
GCOGCATGAC TGCAGAGAGT GCIGAACTG GCCTCTCTGC AGATCATGT 95.99 
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H77CV-J4aa Sequence 

10 20 30 40 50 
1234567890 1234567890 1234567890 1234567890 1234567890 
LRRHWGPGE GAVCWMNRL AFASRGNHVS PIHYVPESDA AARVTAISS 1950 

LIVTOLLRRL, HOWESSECTT PCSGSWLRDI WLWTCEVLSD FKTWLKAKLM 2000 
POLRGIPFVS CORGYRGWR GDGIMHIRCH CGAEIGHVK NGIMRIWGPR 2050 
TCRNMWSGTF PINAYTIGPC TPLPAPNYKF ALINRVSAEEY VERRWGDFH 2100 
YVSGMTIDNL KCPCQIPSPE FFIELDGVRL HRFAPPCKPL LREEVSFRVG 2150 
IHEYPWGSQL, PCEPEPOVAV LISMLTDPSH ITAEAAGRRL ARGSPPSMAS 2200 
SSASOLSAPS LKAICTANHD SPDAELIEAN LTENROEMGGN TIRVESENKV 2250 
WTOSFOPV AEEDEREVSV PAELRKSRR FARALPWAR POYNPPLVEI 23OO 
WKKPDYEPPV VHGCPLPPPR SPPVPPPRKK RTVVLTESTL SEALAELATK 2350 
SFGSSSTSG TGDNTTSSE PAPSGCPPDS DVESYSSMPP LEGEPGDPOL 24OO 
SDGSWSTVSS GADTEDWCC SMSYSWIGAL. WTPCAAEEQK LPlNALSNSL. 24.50 
LRHHNLVYST TSRSACOROK KWTFDRLOVL DSHYODVLKE VKAAASKVKA 2500 
NLLSVEEACS LPPHSAKSK FGYGAKWRC HARKAVAHN, SWKDLEDS 2550 
VTEDITIMA KNEVFCVOPE KGGRKPARLI VFPDLGVRVC EKMALYDWS 2600 
KLPLAVMGSS YGFQYSPGQR VEFLVQAWKS KKTPMGFSYD TRCFDSIVTE 2650 
SDIRTEEALY QCCDLDPQAR VAIKSLTERLYVGGPLENSR GENOGYRRCR 2700 
ASGVLTISCG NTLICYIKAR AACRAAGLQD CIMLVCGDDL WICESAGVO 2750 
EDAASLRAFT EAMTRYSAPP GDPPOPEYDL ELITSCSSNV SWAHDGAGKR 2800 
WYY TROPT PLARAAWETA RHTVNSWLG NMFAPT W ARM MIHFF 285O 
SVLIARDOLE QAI NCELYGA CYSIEPLDLP PITORIHGTS AFSLHSYSPG 2900 
ENRWAACLR K GVPPLRAW RHRARSVRAR T LSRGGRAA CGKYLFNWAV 2950 
RTKK PLA AAGRLDLSGW FTAGYSGGD YHSVSHARPR WFWFCL, LLA 3OOO 
AGVGY LPN R 301 

FIG. 6H 
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#1 a. 3 Deletion mutants of pCV-H77C 
Sequence of 3' untranslated region of pCV-H77C 

5' UTR 

a 

ins 81 nts 10 Ints 

P 

(3 variable region; 43 nts) 3' variable poly U-UC 3. conserved 
TGA (Stop codon for polyprotein) region region region 
AGGTTGGGGT AAACACTCCG GCCTCTAAG CCACCG 

Aff (poly U-UC region; 81 nts) 
TTTTTTTTTT TTTTTTTTTT TTTTTTTTCT TTTTTTTTTT CTTTCCTTTC 
CTTCTTTTTT ICCTTTCTTT TTCCCTTCT T 

(3' conserved region; 101 nts) 
AATGGTGGCT CCATCTTAGC CCTAGTCACG GCTAGCTGG AAAGGTCCGT 
GAGCCGCATG ACTGCAGAGA GTGCTGAAC TGGCCTCTCT GCAGATCATG 
T 

#1a -1. pCV-H77C(-98X); 3' 98 nucleotides removed from pCV-H77C 
TGAAGGTTGG GGTAAACACT CCGGCCTCTT. AAGCCATTTC CTGTTTTTTT 

TTTTTTTTTT TTTTTTTTTT TCTTTTTTTT TTTCT TrcCT TTCCTTCTTT 

TTTTCCTTTC TTTTTCCCTT. CTTTAAT 

#1a -2. pCV-H77C(-42X); 3' 42 nucleotides removed from pCV-H77C 
TGAAGGTTGG GGTAAACACT CCGGCCTCTT. AAGCCATTTC CTGTTTTTTT 
TTTTTTTTTT TTTTTTTTTT ICTTTTTTT TTTCTTTCCT TTCCTTCTTT 

TTTTCCTTTC TTTTTCCCTT. CTTTAATGGT GGCTCCATCT TAGCCCTAGT 
CACGGCTAGC GTGAAAGG CCGTGAGCCG CAT 

#1 a -3. pCV-H77C(X-52); All of the 3' UTR sequence, except 349 nucleotides, 
removed from pCV-H77C 
TGAGCCGCAT GACTGCAGAG. AGTGCTGATA CTGGCCTCTC TGCAGATCAT 

GT FG. I7A 
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#1 a -4. pCV-H77C(X); All of the 3' UTR sequence, except 3' 101 nucleotides, 
removed from pCV-H77C 
TGAAATGGTG GCTCCATCTT AGCCCTAGTC ACGGCTAGCT GTGAAAGGTC 
CGTGAGCCGC ATGACTGCAG AGAGTGCTGA TACTGGCCTC. TCTGCAGAC 

ATG 

#1 a -5. pCV-H77C(+49X); The proximal 49 nucleotides of the 3' conserved 
region (98 nucleotides; AAT not included) removed from pCV-H77C 
TGAAGGTTGG GGTAAACACT CCGGCCTCTT. AAGCCATTTC CTGTTTTTTT 

TTTTTTTTTT TTTTTTTTTT TCTTTTTTTT TTTCTTTCCT. TrcCTTCTT 

TTTTCCTTTC TTTTTCCCTT. CTTTAATGCC GCATGACTGC AGAGAGTGCT 
GATACTGGCC TCTCTGCAGA TCATGT 

#1a -6. pCV-H77C(VR-24); First 24 nucleotides of the 3' variable region 
removed from pCV-H77C 

TGACTTAAGC CATTTCCTGT TTTTTTTTTT TTTTTTTTTT TTTTTTTCTT 
TTTTTTTTTC TTTCCTTTCC TTCTTTTTTT CCTTTCTTTT TCCCTICTTT 

AATGGTGGCT CCATCTAGC CCTAGTCACG GCTAGCGTG AAAGGTCCGT 

GAGCCGCATG ACTGCAGAGA GTGCTGATAC TGGCCTCTCT GCAGATCATG 

T 

#1a-7. pCV-H77C(-U/UC); Poly U-UC region removed from pCV-H77C 
TGAAGGTTGG GGTAAACACT CCGGCCTCTT. AAGCCATTTC CTGAATGGTG 

GCTCCATCT AGCCCTAGTC ACGGCTAGCT GTGAAAGGTC CGTGAGCCGC 

ATGACTGCAG AGAGTGCTGA TACTGGCCTC. TCTGCAGATC ATGT 

FIG. I7B 
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#1b. Strategy of 3 Deletion mutants 
#1b -1. pCV-H77C(-98X) 

3' variable poly U-UC 3' conserved 
region region region 

(93 nts) 

: Afill (9403) : 
i--a- PCR 
--> 4-cy. r 

Xiba 
1. PCR Amplification 
2. Purification of PCR products 
3. Digestion with Atlit and Xbal 
4. Cloning of Afill IXbal fragment into pCV-H77C 
5. Complete sequence analysis 
6. in vitro transcription (within 24 hours of inoculation) 
7. Percutaneous intrahepatic transfection into chimpanzee; 11/26/97 and 12/17/97 
8. Result: Negative ( No replication) 

3' variable poly U-UC 3' conserved 
region region region 

(42nts) 

A fill (9403) Nhe (9530) 
Synthesized Oligonucleotides is 

1sal. M 
Xba 

. Synthesis of oligonucleotides (sense and anti-sense) 

. Hybridization of otigonucleotides 
- Digestion with Nhe and Xba 
. Cloning of Nhe 1Xba fragment into p09-KL26 (3' UTR of H77C) 
. Sequence analysis 
. Cloning of 3' UTR (-42X) Afi i Xbal fragment into pCV-H77C 
. Complete sequence analysis 
... in vitro transcription (within 24 hours of inoculation) 
. Percutaneous intrahepatic transfection into chimpanzee (Schedule; 1/22/98, 2/5/98) 

FIG. 7C 
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#1b -3. pCV-H77C(X-52) 
3' variable poly U-UC 3' conserved 
redion region region 

TGA 9. (52nts) 9 (49 nts) 

A Synthesized Oligonucledtides 
? (91.60) tilti-b 
T- Pft PCR A 
--> g- Xiba l' 

Fusion and Extension 

unusuau all 
- it a usual b 

. Fragment a ; Pfu PCR amplification and purification 

. Fragment b , Synthesized oligonucleotides (anti-sense) 

. Fusion and extension 

. TA cloning 

. Sequence analysis 

. Cloning Nde i-Xbal fragment with correct sequence into pCV-H77C 

. Complete sequence analysis 

. In vitro transcription (within 24 hours of inoculation) 

. Percutaneous intrahepatic transfection into chimpanzee 

FIG. 7D 
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#1b -4. pCV-H77C(X) 
3' variable poly U-UC 3' conserved 

region region region 
-On 

A Synthesized Oligonucleotides 
Nde (9160) w a ams to a A C 
A Pff PCR Xba 

a mum. It --> 
- 4 timuseum C 

1. Fragment a ; Pfu PCR amplification and purification 
2. Fragment c; Synthesized oligonucleotides (anti-sense) 
3. Fusion and extension 

4. TA cloning 
5. Sequence analysis 
6. Ctoning Nate i-Xba fragment with correct sequence into pCV-H77C 
7. Complete sequence analysis 
8. In vitro transcription (within 24 hours of inoculation) 

. Percutaneous intrahepatic transfection into chimpanzee 

FIG. I7E 
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3' variable poly U-UC 3' conserved 
region region region 

" . ...: Si: ...", :::...' ..." . 

d Afti (9403) iii. Synthesized Oligonucleotides 
Pfu PCR 

ul- e 
Xba * 

Fusion and Extension 

d uses cassaulties le. 
-- 1 manuma e 

. Fragment di Pfu PCR amplification and purification 
Fragment e, Synthesized oligonucleotides (anti-sense) 

. Fusion and extension 

- TA cloning 
. Sequence analysis 
. Cloning Afi Il-Xbal fragment with correct sequence into pCV-H77C 
. Complete sequence analysis 
. In vitro transcription (within 24 hours of inoculation) 
. Percutaneous intrahepatic transfection into chimpanzee 

FIG. 7F 
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#1b -6. pCV-H77C(VR-24) 
3' variable poly U-UC 3' conserved 
region region region 

A : Afill (9403) 
PCR . 

Ndel (91.60) 
mumulus 

A Af * 
-) --- 

1. PCR Amplification 
2. Purification of PCR products 
3. Digestion with Ndel and Afli 
4. Cioning of Nde 1 /Afi El fragment into pCV-H77C 
5. Complete sequence analysis 
6. in vitro transcription (within 24 hours of inoculation) 
7. Percutaneous intrahepatic transfection into chimpanzee 

3' variable poly U-UC 3' conserved 
region region region 

(3 nts) 

Afti (9403) Nhe (9530) 
Synthesized Oligonucleotides : 

A. 14th 
Af 

. Synthesis of oligonucleotides (sense and anti-sense) 
... Hybridization of oligonucleotides 
. Digestion with Affil and Nhe 
. Cloning of Afill and Nhe fragment into pG9-KL26 
. Sequence analysis 
. Cloning of 3' UTR (-poly U-UC) (Afill IXba fragment into pCV-H77C 
. Complete sequence analysis 
... in vitro transcription (within 24 hours of inoculation) 
. Percutaneous intrahepatic transfection into chimpanzee 

FIG. 7G 
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CLONEO GENOMES OF INFECTIOUS 
HEPATITIS CVIRUSES AND USES THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a Divisional of U.S. application Ser. 
No.: 09/662,454, filed Sep. 14, 2000, now U.S. Pat. No.: 
7.201.911, which is a Divisional of U.S. application Ser. No.: 
09/014,416, filed Jan. 27, 1998, now U.S. Pat. No.: 6,153,421, 
which claims the benefit of U.S. Provisional application Ser. 
No. 60/053,062, filed Jul.18, 1997, the disclosures of all of 
which are hereby expressly incorporated by reference in their 
entireties. 

FIELD OF THE INVENTION 

The present invention relates to molecular approaches to 
the production of nucleic acid sequences which comprise the 
genome of infectious hepatitis C viruses. In particular, the 
invention provides nucleic acid sequences which comprise 
the genomes of infectious hepatitis C viruses of genotype 1 a 
and 1b strains. The invention therefore relates to the use of 
these sequences, and polypeptides encoded by all or part of 
these sequences, in the development of vaccines and diagnos 
tic assays for HCV and in the development of screening 
assays for the identification of antiviral agents for HCV. 

DESCRIPTION OF THE RELATED ART 

Hepatitis C virus (HCV) has a positive-sense single-strand 
RNA genome and is a member of the virus family Flaviviri 
dae (Choo, Q.-L., et al. 1991 PNAS USA 88:2451-2455; Rice, 
C. M. 1996 Flaviviridae: The viruses and their replication. In 
“Fields Virology”. (B. N. Fields, D. M. Knipe, P. M. Howley, 
et al., Eds.), Third ed., Lippincott-Raven Publishers, Phila 
delphia). As for all positive-stranded RNA viruses, the 
genome of HCV functions as mRNA from which all viral 
proteins necessary for propagation are translated. 
The viral genome of HCV is approximately 9600 nucle 

otides (nts) and consists of a highly conserved 5' untranslated 
region (UTR), a single long open reading frame (ORF) of 
approximately 9,000 nts and a complex 3' UTR. The 5' UTR 
contains an internal ribosomal entry site (Tsukiyama-Kohara, 
K. et al. 1992 J. Virol. 66:1476-1483; Honda, M. et al. 1996 
RNA 2:955-968). The 3' UTR consists of a short variable 
region, a polypyrimidine tract of variable length and, at the 3' 
end, a highly conserved region of approximately 100 nts 
(Kolykhalov, A. A. et al. 1996.J. Virol. 70:3363-3371; Tanaka, 
T. etal. 1995 Biochem. Biophys. Res. Commun. 215:744-749; 
Tanaka, T. et al. 1996. J. Virol. 70:3307-3312; Yamada, N. et 
al. 1996 Virology 223:255-261). The last 46 nucleotides of 
this conserved region were predicted to form a stable stem 
loop structure thought to be critical for viral replication 
(Blight, K.J. and Rice, C. M. 1997.J. Virol. 71:7345-7352: Ito, 
T. and Lai, M.M.C. 1997.J. Virol. 71:8698-8706:Tsuchihara, 
K. et al. 1997.J. Virol. 71:6720-6726). The ORF encodes a 
large polypeptide precursor that is cleaved into at least 10 
proteins by host and viral proteinases (Rice, C. M. 1996 
Flaviviridae: The viruses and their replication. In “Fields 
Virology”. (B. N. Fields, D. M. Knipe, P. M. Howley, et al., 
Eds.). Third ed., Lippincott-Raven Publishers, Philadelphia). 
The predicted envelope proteins contain several conserved 
N-linked glycosylation sites and cysteine residues (Okamoto, 
H. et al. 1992 Virology 188:331-341). The NS3 gene encodes 
a serine protease and an RNA helicase and the NS5B gene 
encodes an RNA-dependent RNA polymerase. 
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Globally, six major HCV genotypes (genotypes 1-6) and 

multiple subtypes (a, b, c, etc.) have been identified (Bukh, J. 
et al. 1993 PNAS USA 90:8234-8238; Simmonds, P. et al. 
1993.J. Gen. Virol. 74:2391-2399). The most divergent HCV 
isolates differ from each other by more than 30% over the 
entire genome (Okamoto, H. et al. 1992 Virology 188:331 
341) and HCV circulates in an infected individual as a qua 
sispecies of closely related genomes (Bukh, J. et al. 1995 
Semin. Liver Dis. 15:41-63; Farci, P. et al. 1997 Springer 
Semin. Immunopathol. 19:5-26). 
At present, more than 80% of individuals infected with 

HCV become chronically infected and these chronically 
infected individuals have a relatively high risk of developing 
chronic hepatitis, liver cirrhosis and hepatocellular carci 
noma (Hoofnagle, J. H. 1997 Hepatology 26:15S-20S). In the 
U.S., HCV genotypes 1a and 1b constitute the majority of 
infections while in many other areas, especially in Europe and 
Japan, genotype 1b predominates. 
The only effective therapy for chronic hepatitis C, inter 

feron (IFN), induces a sustained response in less than 25% of 
treated patients (Fried, M. W. and Hoofnagle, J. H. 1995 
Semin. Liver Dis. 15:82–91). Consequently, HCV is currently 
the most common cause of end stage liver failure and the 
reason for about 30% of liver transplants performed in the 
U.S. (Hoofnagle, J. H. 1997 Hepatology 26:15S-20S). In 
addition, a number of recent studies suggested that the sever 
ity of liver disease and the outcome of therapy may be geno 
type-dependent (reviewed in Bukh, J. et al. 1997 Genetic 
heterogeneity of hepatitis C virus and related viruses. In 
“Viral Hepatitis and Liver Disease, Proceedings of IX Trien 
nial International Symposium on Viral Hepatitis and Liver 
Disease, Rome, Italy, 1996” (M. Rizzetto, R. H. Purcell, J. L. 
Gerin and G. Verme, Eds.), pp. 167-175. Edizioni Minerva 
Medica, Turin). In particular, these studies suggested that 
infection with HCV genotype 1b was associated with more 
severe liver disease (Brechot, C. 1997 Hepatology 25:772 
774) and a poorer response to IFN therapy (Fried, M. W. and 
Hoofnagle, J. H. 1995 Semin. Liver Dis. 15:82–91). As a result 
of the inability to develop a universally effective therapy 
against HCV infection, it is estimated that there are still more 
than 25,000 new infections yearly in the U.S. (Alter, M. J. 
1997 Hepatology 26:62S-65S). Moreover, since there is no 
vaccine for HCV. HCV remains a serious public health prob 
lem. 

However, despite the intense interest in the development of 
vaccines and therapies for HCV, progress has been hindered 
by the absence of a useful cell culture system and the lack of 
any Small animal model for laboratory study. For example, 
while replication of HCV in several cell lines has been 
reported, such observations have turned out not to be highly 
reproducible. In addition, the chimpanzee is the only animal 
model, other than man, for this disease. Consequently, HCV 
has been able to be studied only by using clinical materials 
obtained from patients or experimentally infected chimpan 
Zees (an animal model whose availability is very limited). 

However, several researchers have recently reported the 
construction of infectious cDNA clones of HCV, the identi 
fication of which would permit a more effective search for 
susceptible cell lines and facilitate molecular analysis of the 
viral genes and their function. For example, Dash, S. et al. 
1997 Am. J. Pathol. 151: 363-373 and Yoo, B.J. et al. 1995.J. 
Virol. 69:32-38 reported that RNA transcripts from cDNA 
clones of HCV-1 (genotype 1a) and HCV-N (genotype 1b). 
respectively, resulted in viral replication after transfection 
into human hepatoma cell lines. Unfortunately, the viability 
of these clones was not tested in vivo and concerns were 
raised about the infectivity of these cDNA clones in vitro 
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(Fausto, N. 1997 Am. J. Pathol. 151:361). In addition, both 
clones did not contain the terminal 98 conserved nucleotides 
at the very 3' end of the UTR. 

Kolykhalov, A. A., et al. 1997 Science 277:570-574 and 
Yanagi, M. et al. 1997 PNAS USA 94:8738-8743 reported the 
derivation from HCV strain H77 (which is genotype 1a) of 
cDNA clones of HCV that are infectious for chimpanzees. 
However, while these infectious clones will aid in studying 
HCV replication and pathogenesis and will provide an impor 
tant tool for development of in vitro replication and propaga 
tion systems, it is important to have infectious clones of more 
than one genotype given the extensive genetic heterogeneity 
of HCV and the potential impact of such heterogeneity on the 
development of effective therapies and vaccines for HCV. 

SUMMARY OF THE INVENTION 

The present invention relates to nucleic acid sequences 
which comprise the genome of infectious hepatitis C viruses 
and in particular, nucleic acid sequences which comprise the 
genome of infectious hepatitis C viruses of genotype 1a and 
1b strains. It is therefore an object of the invention to provide 
nucleic acid sequences which encode infectious hepatitis C 
viruses. Such nucleic acid sequences are referred to through 
out the application as "infectious nucleic acid sequences'. 

For the purposes of this application, nucleic acid sequence 
refers to RNA, DNA, cDNA or any variant thereof capable of 
directing host organism synthesis of a hepatitis C virus 
polypeptide. It is understood that nucleic acid sequence 
encompasses nucleic acid sequences, which due to degen 
eracy, encode the same polypeptide sequence as the nucleic 
acid sequences described herein. 
The invention also relates to the use of the infectious 

nucleic acid sequences to produce chimeric genomes consist 
ing of portions of the open reading frames of infectious 
nucleic acid sequences of other genotypes (including, but not 
limited to, genotypes 1, 2, 3, 4, 5 and 6) and Subtypes (includ 
ing, but not limited to, Subtypes 1a, 1b, 2a, 2b, 2c, 3a 4a-4f. Sa 
and 6a) of HCV. For example infectious nucleic acid 
sequence of the 1a and 1b strains H77 and HC-J4, respec 
tively, described herein can be used to produce chimeras with 
sequences from the genomes of other strains of HCV from 
different genotypes or Subtypes. Nucleic acid sequences 
which comprise sequence from the open-reading frames of 2 
or more HCV genotypes or subtypes are designated “chi 
meric nucleic acid sequences'. 
The invention further relates to mutations of the infectious 

nucleic acid sequences of the invention where mutation 
includes, but is not limited to, point mutations, deletions and 
insertions. In one embodiment, a gene or fragment thereof 
can be deleted to determine the effect of the deleted gene or 
genes on the properties of the encoded virus Such as its viru 
lence and its ability to replicate. In an alternative embodi 
ment, a mutation may be introduced into the infectious 
nucleic acid sequences to examine the effect of the mutation 
on the properties of the virus in the host cell. 
The invention also relates to the introduction of mutations 

or deletions into the infectious nucleic acid sequences in 
order to produce an attenuated hepatitis C virus suitable for 
vaccine development. 
The invention further relates to the use of the infectious 

nucleic acid sequences to produce attenuated viruses via pas 
sage in vitro or in vivo of the viruses produced by transfection 
of a host cell with the infectious nucleic acid sequence. 
The present invention also relates to the use of the nucleic 

acid sequences of the invention or fragments thereof in the 
production of polypeptides where “nucleic acid sequences of 
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the invention” refers to infectious nucleic acid sequences, 
mutations of infectious nucleic acid sequences, chimeric 
nucleic acid sequences and sequences which comprise the 
genome of attenuated viruses produced from the infectious 
nucleic acid sequences of the invention. The polypeptides of 
the invention, especially structural polypeptides, can serve as 
immunogens in the development of vaccines or as antigens in 
the development of diagnostic assays for detecting the pres 
ence of HCV in biological samples. 
The invention therefore also relates to vaccines for use in 

immunizing mammals especially humans against hepatitis C. 
In one embodiment, the vaccine comprises one or more 
polypeptides made from a nucleic acid sequence of the inven 
tion or fragment thereof. In a second embodiment, the vaccine 
comprises a hepatitis C virus produced by transfection of host 
cells with the nucleic acid sequences of the invention. 
The present invention therefore relates to methods for pre 

venting hepatitis C in a mammal. In one embodiment the 
method comprises administering to a mammal a polypeptide 
or polypeptides encoded by a nucleic acid sequence of the 
invention in an amount effective to induce protective immu 
nity to hepatitis C. In another embodiment, the method of 
prevention comprises administering to a mammal a hepatitis 
C virus of the invention in an amount effective to induce 
protective immunity against hepatitis C. 

In yet another embodiment, the method of protection com 
prises administering to a mammal a nucleic acid sequence of 
the invention or a fragment thereof in an amount effective to 
induce protective immunity against hepatitis C. 
The invention also relates to hepatitis C viruses produced 

by host cells transfected with the nucleic acid sequences of 
the present invention. 
The invention therefore also provides pharmaceutical com 

positions comprising the nucleic acid sequences of the inven 
tion and/or their encoded hepatitis C viruses. The invention 
further provides pharmaceutical compositions comprising 
polypeptides encoded by the nucleic acid sequences of the 
invention or fragments thereof. The pharmaceutical compo 
sitions of the invention may be used prophylactically orthera 
peutically. 
The invention also relates to antibodies to the hepatitis C 

viruses of the invention or their encoded polypeptides and to 
pharmaceutical compositions comprising these antibodies. 
The present invention further relates to polypeptides 

encoded by the nucleic acid sequences of the invention frag 
ments thereof. In one embodiment, said polypeptide or 
polypeptides are fully or partially purified from hepatitis C 
virus produced by cells transfected with nucleic acid 
sequence of the invention. In another embodiment, the 
polypeptide or polypeptides are produced recombinantly 
from a fragment of the nucleic acid sequences of the inven 
tion. In yet another embodiment, the polypeptides are chemi 
cally synthesized. 
The invention also relates to the use of the nucleic acid 

sequences of the invention to identify cell lines capable of 
supporting the replication of HCV in vitro. 
The invention further relates to the use of the nucleic acid 

sequences of the invention or their encoded proteases (e.g. 
NS3 protease) to develop screening assays to identify antivi 
ral agents for HCV. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a strategy for constructing full-length cDNA 
clones of HCV strain H77. The long PCR products amplified 
with H1 and H9417R primers were cloned directly into 
pGEM-9Zf(-) after digestion with Not I and Xbal (pH21 and 
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pH50). Next, the 3' UTR was cloned into both pH21, and 
pH50, after digestion with AflII and Xbal (pH21 and pH50). 
pH21 was tested for infectivity in a chimpanzee. To improve 
the efficiency of cloning, we constructed a cassette vector 
with consensus 5' and 3' termini of H77. This cassette vector 
(pCV) was obtained by cutting out the BamHI fragment (nts 
1358-7530 of the H77 genome) from pH50, followed by 
religation. Finally, the long PCR products of H77 amplified 
with primers H1 and H9417R (H product) or primers A1 and 
H9417R (A product) were cloned into pCV after digestion 
with Age and AflII or with PinAI and BfrI. The latter proce 
dure yielded multiple complete cDNA clones of strain H77 of 
HCV. 

FIG. 2 shows the results of gel electrophoresis of long 
RT-PCR amplicons of the entire ORF of H77 and the Tran 
scription mixture of the infectious clone of H77. The com 
plete ORF was amplified by long RT-PCR with the primers 
H1 or A1 and H9417R from 10 GE of H77. A total of 10 ug 
of the consensus chimeric clone (pCV-H77C) linearized with 
Xbal was transcribed in a 100 ul reaction with T7 RNA 
polymerase. Five ul of the transcription mixture was analyzed 
by gel electrophoresis and the remainder of the mixture was 
injected into a chimpanzee. Lane 1, molecular weight marker, 
lane 2, products amplified with primers H1 and H9417R; lane 
3, products amplified with primers A1 and H9417R; lane 4, 
transcription mixture containing the RNA transcripts and lin 
earized clone pCV-H77C (12.5 kb). 

FIG. 3 is a diagram of the genome organization of HCV 
strain H77 and the genetic heterogeneity of individual full 
length clones compared with the consensus sequence of H77. 
Solid lines representaa changes. Dashed lines represent silent 
mutations. A* in pH21 represents a point mutation at nt 58 in 
the 5' UTR. In the ORF, the consensus chimeric clone pCV 
H77C had 11 nt differences at positions 1625 (C->T), 2709 
(T->C), 3380 (A->G), 3710 (C->T), 3914 (G->A), 4463 
(T->C), 5058 (C->T), 5834 (C->T), 6734 (T->C), 7154 
(C->T), and 7202 (T->C) and one aa change (F->L at aa 
790) compared with the consensus sequence of H77. This 
clone was infectious. Clone pH21 and pCV-H11 had 19 nts (7 
aa) and 64 nts (21 aa) differences respectively, compared with 
the consensus sequence of H77. These two clones were not 
infectious. A single point mutation in the 3'UTR at nucleotide 
94.06 (G->A) introduced to create an Afl II cleavage site is not 
shown. 

FIGS. 4A-4F show the complete nucleotide sequence 
(SEQ ID NO: 2) of a H77C clone produced according to the 
present invention and FIGS. 4G-4H show the amino acid 
sequence (SEQID NO: 1) encoded by the H77C clone. 

FIG. 5 shows an agarose gel of long RT-PCR amplicons 
and transcription mixtures. Lanes 1 and 4: Molecular weight 
marker (Lambda/HindIII digest). Lanes 2 and 3: RT-PCR 
amplicons of the entire ORF of HC-J4. Lane 5: pCV-H77C 
transcription control (Yanagi et al., 1997). Lanes 6, 7, and 8: 
1/40 of each transcription mixture of pCV-J4L2S, pCV 
J4L4S and pCV-J4L6S, respectively, which was injected into 
the chimpanzee. 

FIG. 6 shows the strategy utilized for the construction of 
full-length cDNA clones of HCV strain HC-J4. The long PCR 
products were cloned as two separate fragments (Land S) into 
a cassette vector (pCV) with fixed 5' and 3' termini of HCV 
(Yanagi et al., 1997). Full-length cDNA clones of HC-J4 were 
obtained by inserting the L fragment from three pCV-J4L 
clones into three identical pCV-J4S9 clones after digestion 
with Pin A1 (isoschizomer of AgeI) and BfrI (isoschizomer of 
AflII). 

FIGS. 7A through 7D shows amino acid positions with a 
quasispecies of HC-J4 in the acute phase plasma pool 
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obtained from an experimentally infected chimpanzee. Cons 
p9: consensus amino acid sequence deduced from analysis of 
nine L fragments and nine Sfragments (see FIG. 6). Cons-D: 
consensus sequence derived from direct sequencing of the 
PCR product. A, B, C: groups of similar viral species. Dot: 
amino acid identical to that in Cons-p9. Capital letter: amino 
acid different from that in Cons-p9. Cons-F: composite con 
sensus amino acid sequence combining Cons-p9 and Cons-D. 
Boxed amino acid: different from that in Cons-F. Shaded 
amino acid: different from that in all species A sequences. An 
*: defective ORF due to a nucleotide deletion (clone L1, aa 
1097) or insertion (clone L7, aa 2770). Diagonal lines: frag 
ments used to construct the infectious clone. 

FIG. 8 shows comparisons (percent difference) of nucle 
otide (nts. 156-8935) and predicted amino acid sequences (aa 
1-2864) of L clones (species A, B, and C, this study), HC-J4/ 
91 (Okamoto, H. et al. 1992 Virology 190:894-899) and 
HC-J4/83 (Okamoto, H. et al. 1992 Virology 190:894-899). 
Differences among species A sequences and among species B 
sequences are shaded. 

FIG. 9 shows UPGMA (“unweighted pair group method 
with arithmetic mean') trees of HC-J4/91 (Okamoto, H. et al. 
1992 Virology 190:894-899), HC-J4/83 (Okamoto, H. et al. 
1992 Virology 190:894-899), two prototype strains of geno 
type 1b (HCV-J, Kato, N. et al. 1990 PNAS USA 87:9524 
9528: HCV-BK, Iakamizawa et al., 1991), and L clones (this 
study). 

FIG. 10 shows the alignment of the HVR1 (SEQID NOS: 
28, 30, 32, 34, 36-38, 41, 43 and 45) and HVR2 (SEQ ID 
NOS: 29, 31, 33, 35, 39, 40, 42, 44 and 46) amino acid 
sequences of the E2 sequences of nine L clones of HC-J4 
(species A, B, and C) obtained from an early acute phase 
plasma pool of an experimentally infected chimpanzee com 
pared with the sequences of eight clones (HC-J4/91-20 
through HC-J4/91-27, Okamoto, H. et al. 1992 Virology 190: 
894-899) derived from the inoculum. Dot: an amino acid 
identical to that in the top line. Capital letters: amino acid 
different from that in the top line. 

FIG. 11 shows the alignment of the 5' UTR and the 3' UTR 
sequences of infectious clones of genotype 1a (pCV-H77C) 
and 1b (pCV-J4L6S).5' UTR for HC-J4 is SEQID NO:47, 5' 
UTR for pCV-J4L6S is SEQ ID NO: 48, 5' UTR for pCV 
H77C is SEQID NO:49,3' UTR-3' variable region for HC-J4 
is SEQ ID NO: 50 and 53, 3' UTR-3' variable region for 
pCV-J4L6S is SEQ ID NO: 51 and 54, 3' UTR-3' variable 
region for pCV-H77C is SEQ ID NO: 52 and 54; 3' UTR-3' 
conserved region for H77, pCV-J4L6S and pCV-H77C is 
SEQ ID NO: 55. Top line: consensus sequence of the indi 
cated Strain. Dot: identity with consensus sequence. Capital 
letter: different from the consensus sequence. Dash: deletion. 
Underlined: PinAI and BfrI cleavage site. Numbering corre 
sponds to the HCV sequence of pCV-J4L6S. 

FIG. 12 shows a comparison of individual full-length 
cDNA clones of the ORF of HCV strain HC-J4 with the 
consensus sequence (see FIG. 7). Solid lines: amino acid 
changes. Dashed lines: silent mutations. Clone pCV-J4L6S 
was infectious in vivo whereas clones pCV-J4L2S and pCV 
J4L4S were not. 

FIG.13 shows biochemical (ALT levels) and PCR analyses 
of a chimpanzee following percutaneous intrahepatic trans 
fection with RNA transcripts of the infectious clone of pCV 
J4L2S, pCV-J4L4S and pCV-J4L6S. The ALT serum enzyme 
levels were measured in units per liter (u/l). For the PCR 
analysis, “HCV RNA represented by an open rectangle indi 
cates a serum sample that was negative for HCV after nested 
PCR; “HCV RNA represented by a closed rectangle indi 
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cates that the serum sample was positive for HCV and HCV 
GE titer on the right-hand y-axis represents genome equiva 
lents. 

FIGS. 14A-14F show the nucleotide sequence of the infec 
tious clone of genotype 1b strain HC-J4 (SEQID NO: 4) and 
FIGS. 14G-14H show the amino acid sequence (SEQID NO: 
3) encoded by the HC-J4 clone. 

FIG. 15 shows the strategy for constructing a chimeric 
HCV clone designated pH77CV-J4 which contains the non 
structural region of the infectious clone of genotype 1a strain 
H77 and the structural region of the infectious clone of geno 
type 1b strain HC-J4. 

FIGS. 16A-16F show the nucleotide sequence of the chi 
meric 1a/1b clone pH77CV-J4 (SEQ ID NO: 6) of FIG. 15 
and FIGS. 16G-16H show the amino acid sequence encoded 
by the chimeric 1a/1b clone (SEQID NO: 5). 

FIGS. 17A and 17B show the sequence of the 3' untrans 
lated region remaining in various 3' deletion mutants of the la 
infectious clone pCV-H77C (pCV-H77C has SEQ ID NOS: 
56, 57 and 58; pCV-H77C (-98X) has SEQ ID NO. 59; 
pCV-H77C (-42X) has SEQID NO: 60; pCV-H77C (X-52) 
has SEQ ID NO: 61; pCV-H77CCX) has SEQ ID NO: 62; 
pCV-H77C(+49X) has SEQID NO: 63; pCV-H77C (VR-24) 
has SEQID NO: 64; and pCV-H77C (-U/UC) has SEQ ID 
NO: 65) and the strategy utilized in constructing each 3' 
deletion mutant (FIGS. 17C-17G). 
Of the seven deletion mutants shown, two (pCV-H77C(- 

98X) and (-42X)) have been constructed and tested for infec 
tivity in chimpanzees (see FIGS. 17A and 17C) and the other 
six are to be constructed and tested for infectivity as described 
in FIGS. 17D-17G. 

FIGS. 18A and 18B show biochemical (ALT levels), PCR 
(HCV RNA and HCV GE titer), serological (anti-HCV) and 
histopathological (FIG. 18B only) analyses of chimpanzees 
1494 (FIG. 18A) and 1530 (FIG. 18B) following transfection 
with the infectious cDNA clone pCV-H77C. 

The AL-Tserum enzyme levels were measured in units per 
ml (u?i). For the PCR analysis, “HCV RNA' represented by 
an open rectangle indicates a serum sample that was negative 
for HCV after nested PCR; “HCV RNA' represented by a 
closed rectangle indicates that the serum sample was positive 
for HCV; and HCV GE titer on the right-hand y-axis repre 
sents genome equivalents. 
The bar marked “anti-HCV indicates samples that were 

positive for anti-HCV antibodies as determined by commer 
cial assays. The histopathology scores in FIG. 18B corre 
spond to no histopathology (o), mild hepatitis (G) and mod 
erate to severe hepatitis (O). 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to nucleic acid sequences 
which comprise the genome of an infectious hepatitis C virus. 
More specifically, the invention relates to nucleic acid 
sequences which encode infectious hepatitis C viruses of 
genotype 1a and 1b strains. In one embodiment, the infectious 
nucleic acid sequence of the invention has the sequence 
shown in FIGS. 4A-4F of this application. In another embodi 
ment, the infectious nucleic acid sequence has the sequence 
shown in FIGS. 14A-14F and is contained in a plasmid con 
struct deposited with the American Type Culture Collection 
(ATCC) on Jan. 26, 1998 and having ATCC accession number 
209596. 
The invention also relates to "chimeric nucleic acid 

sequences' where the chimeric nucleic acid sequences con 
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8 
sist of open-reading frame sequences taken from infectious 
nucleic acid sequences of hepatitis C viruses of different 
genotypes or Subtypes. 

In one embodiment, the chimeric nucleic acid sequence 
consists of sequence from the genome of an HCV strain 
belonging to one genotype or subtype which encodes struc 
tural polypeptides and sequence of an HCV strain belonging 
to another genotype strain or Subtype which encodes non 
structural polypeptides. Such chimeras can be produced by 
standard techniques of restriction digestion, PCR amplifica 
tion and Subcloning known to those of ordinary skill in the art. 

In a preferred embodiment, the sequence encoding non 
structural polypeptides is from an infectious nucleic acid 
sequence encoding a genotype 1a strain where the construc 
tion of a chimeric la/1b nucleic acid sequence is described in 
Example 9 and the chimeric 1a/1b nucleic acid sequence is 
shown in FIGS. 16A-16F. It is believed that the construction 
of such chimeric nucleic acid sequences will be of importance 
in studying the growth and virulence properties of hepatitis C 
virus and in the production of hepatitis C viruses suitable to 
confer protection against multiple genotypes of HCV. For 
example, one might produce a “multivalent vaccine by put 
ting epitopes from several genotypes or Subtypes into one 
clone. Alternatively one might replace just a single gene from 
an infectious sequence with the corresponding gene from the 
genomic sequence of a strain from another genotype or Sub 
type or create a chimeric gene which contains portions of a 
gene from two genotypes or Subtypes. Examples of genes 
which could be replaced or which could be made chimeric, 
include, but are not limited to, the E1, E2 and NS4 genes. 
The invention further relates to mutations of the infectious 

nucleic acid sequences where “mutations’ includes, but is not 
limited to, point mutations, deletions and insertions. Of 
course, one of ordinary skill in the art would recognize that 
the size of the insertions would be limited by the ability of the 
resultant nucleic acid sequence to be properly packaged 
within the virion. Such mutation could be produced by tech 
niques known to those of skill in the art Such as site-directed 
mutagenesis, fusion PCR, and restriction digestion followed 
by religation. 

In one embodiment, mutagenesis might be undertaken to 
determine sequences that are important for viral properties 
Such as replication or virulence. For example, one may intro 
duce a mutation into the infectious nucleic acid sequence 
which eliminates the cleavage site between the NS4A and 
NS4B polypeptides to examine the effects on viral replication 
and processing of the polypeptide. Alternatively, one or more 
of the 3 amino acids encoded by the infectious 1b nucleic acid 
sequence shown in FIGS. 14A-14F which differ from the 
HC-J4 consensus sequence may be back mutated to the cor 
responding amino acid in the HC-J4 consensus sequence to 
determine the importance of these three amino acid changes 
to infectivity or virulence. In yet another embodiment, one or 
more of the amino acids from the noninfectious 1b clones 
pCV-J4L2S and pCV-J4L4S which differ from the consensus 
sequence may be introduced into the infectious lb sequence 
shown in FIGS. 14A-14F. 

In yet another example, one may delete all or part of a gene 
or of the 5' or 3' nontranslated region contained in an infec 
tious nucleic acid sequence and then transfect a host cell 
(animal or cell culture) with the mutated sequence and mea 
sure viral replication in the host by methods known in the art 
such as RT-PCR. Preferred genes include, but are not limited 
to, the P7, NS4B and NS5A genes. Of course, those of ordi 
nary skill in the art will understand that deletion of part of a 
gene, preferably the central portion of the gene, may be pref 
erable to deletion of the entire gene in order to conserve the 
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cleavage site boundaries which exist between proteins in the 
HCV polyprotein and which are necessary for proper pro 
cessing of the polyprotein. 

In the alternative, if the transfection is into a host animal 
Such as a chimpanzee, one can monitor the virulence pheno 
type of the virus produced by transfection of the mutated 
infectious nucleic acid sequence by methods known in the art 
Such as measurement of liver enzyme levels (alanine ami 
notransferase (ALT) or isocitrate dehydrogenase (ICD)) or by 
histopathology of liver biopsies. Thus, mutations of the infec 
tious nucleic acid sequences may be useful in the production 
of attenuated HCV strains suitable for vaccine use. 
The invention also relates to the use of the infectious 

nucleic acid sequences of the present invention to produce 
attenuated viral strains via passage in vitro or in vivo of the 
virus produced by transfection with the infectious nucleic 
acid sequences. 
The present invention therefore relates to the use of the 

nucleic acid sequences of the invention to identify cell lines 
capable of supporting the replication of HCV. 

In particular, it is contemplated that the mutations of the 
infectious nucleic acid sequences of the invention and the 
production of chimeric sequences as discussed above may be 
useful in identifying sequences critical for cell culture adap 
tation of HCV and hence, may be useful in identifying cell 
lines capable of supporting HCV replication. 

Transfection of tissue culture cells with the nucleic acid 
sequences of the invention may be done by methods of trans 
fection known in the art such as electroporation, precipitation 
with DEAE-Dextran or calcium phosphate or liposomes. 

In one such embodiment, the method comprises the grow 
ing of animal cells, especially human cells, in vitro and trans 
fecting the cells with the nucleic acid of the invention, then 
determining if the cells show indicia of HCV infection. Such 
indicia include the detection of viral antigens in the cell, for 
example, by immunofluorescent procedures well known in 
the art; the detection of viral polypeptides by Western blotting 
using antibodies specific therefor; and the detection of newly 
transcribed viral RNA within the cells via methods such as 
RT-PCR. The presence of live, infectious virus particles fol 
lowing such tests may also be shown by injection of cell 
culture medium or cell lysates into healthy, Susceptible ani 
mals, with subsequent exhibition of the symptoms of HCV 
infection. 

Suitable cells or cell lines for culturing HCV include, but 
are not limited to, lymphocyte and hepatocyte cell lines 
known in the art. 

Alternatively, primary hepatocytes can be cultured, and 
then infected with HCV: or, the hepatocyte cultures could be 
derived from the livers of infected chimpanzees. In addition, 
various immortalization methods known to those of ordinary 
skill in the art can be used to obtain cell-lines derived from 
hepatocyte cultures. For example, primary hepatocyte cul 
tures may be fused to a variety of cells to maintain stability. 

The present invention further relates to the in vitro and in 
vivo production of hepatitis C viruses from the nucleic acid 
sequences of the invention. 

In one embodiment, the sequences of the invention can be 
inserted into an expression vector that functions in eukaryotic 
cells. Eukaryotic expression vectors Suitable for producing 
high efficiency gene transfer in vivo are well known to those 
of ordinary skill in the art and include, but are not limited to, 
plasmids, vaccinia viruses, retroviruses, adenoviruses and 
adeno-associated viruses. 

In another embodiment, the sequences contained in the 
recombinant expression vector can be transcribed in vitro by 
methods known to those of ordinary skill in the art in order to 
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produce RNA transcripts which encode the hepatitis C 
viruses of the invention. The hepatitis C viruses of the inven 
tion may then be produced by transfecting cells by methods 
known to those of ordinary skill in the art with either the in 
vitro transcription mixture containing the RNA transcripts 
(see Example 4) or with the recombinant expression vectors 
containing the nucleic acid sequences described herein. 
The present invention also relates to the construction of 

cassette vectors useful in the cloning of viral genomes 
wherein said vectors comprise a nucleic acid sequence to be 
cloned, and said vector reading in the correct phase for the 
expression of the viral nucleic acid to be cloned. Such a 
cassette vector will, of course, also possess a promoter 
sequence, advantageously placed upstream of the sequence to 
be expressed. Cassette vectors according to the present inven 
tion are constructed according to the procedure described in 
FIG. 1, for example, starting with plasmid pCV. Of course, the 
DNA to be inserted into said cassette vector can be derived 
from any virus, advantageously from HCV, and most advan 
tageously from the H77 strain of HCV. The nucleic acid to be 
inserted according to the present invention can, for example, 
contain one or more open reading frames of the virus, for 
example, HCV. The cassette vectors of the present invention 
may also contain, optionally, one or more expressible marker 
genes for expression as an indication of Successful transfec 
tion and expression of the nucleic acid sequences of the 
vector. To insure expression, the cassette vectors of the 
present invention will contain a promoter sequence for bind 
ing of the appropriate cellular RNA polymerase, which will 
depend on the cell into which the vector has been introduced. 
For example, if the host cell is a bacterial cell, then said 
promoter will be a bacterial promoter sequence to which the 
bacterial RNA polymerases will bind. 
The hepatitis C viruses produced from the sequences of the 

invention may be purified or partially purified from the trans 
fected cells by methods known to those of ordinary skill in the 
art. In a preferred embodiment, the viruses are partially puri 
fied prior to their use as immunogens in the pharmaceutical 
compositions and vaccines of the present invention. 
The present invention therefore relates to the use of the 

hepatitis C viruses produced from the nucleic acid sequences 
of the invention as immunogens in live or killed (e.g., forma 
lin inactivated) vaccines to prevent hepatitis C in a mammal. 

In an alternative embodiment, the immunogen of the 
present invention may be an infectious nucleic acid sequence, 
a chimeric nucleic acid sequence, or a mutated infectious 
nucleic acid sequence which encodes a hepatitis C virus. 
Where the sequence is a cDNA sequence, the cDNAs and 
their RNA transcripts may be used to transfect a mammal by 
direct injection into the liver tissue of the mammal as 
described in the Examples. 

Alternatively, direct gene transfer may be accomplished 
via administration of a eukaryotic expression vector contain 
ing a nucleic acid sequence of the invention. 

In yet another embodiment, the immunogen may be a 
polypeptide encoded by the nucleic acid sequences of the 
invention. The present invention therefore also relates to 
polypeptides produced from the nucleic acid sequences of the 
invention or fragments thereof. In one embodiment, polypep 
tides of the present invention can be recombinantly produced 
by synthesis from the nucleic acid sequences of the invention 
or isolated fragments thereof, and purified, or partially puri 
fied, from transfected cells using methods already known in 
the art. In an alternative embodiment, the polypeptides may 
be purified or partially purified from viral particles produced 
via transfection of a host cell with the nucleic acid sequences 
of the invention. Such polypeptides might, for example, 
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include either capsid or envelope polypeptides prepared from 
the sequences of the present invention. 
When used as immunogens, the nucleic acid sequences of 

the invention, or the polypeptides or viruses produced there 
from, are preferably partially purified prior to use as immu 
nogens in pharmaceutical compositions and vaccines of the 
present invention. When used as a vaccine, the sequences and 
the polypeptide and virus products thereof, can be adminis 
tered alone or in a suitable diluent, including, but not limited 
to, water, saline, or some type of buffered medium. The vac 
cine according to the present invention may be administered 
to an animal, especially a mammal, and most especially a 
human, by a variety of routes, including, but not limited to, 
intradermally, intramuscularly, Subcutaneously, or in any 
combination thereof. 

Suitable amounts of material to administer for prophylactic 
and therapeutic purposes will vary depending on the route 
selected and the immunogen (nucleic acid, virus, polypep 
tide) administered. One skilled in the art will appreciate that 
the amounts to be administered for any particular treatment 
protocol can be readily determined without undue experi 
mentation. The vaccines of the present invention may be 
administered once or periodically until a suitable titer of 
anti-HCV antibodies appear in the blood. For an immunogen 
consisting of a nucleic acid sequence, a suitable amount of 
nucleic acid sequence to be used for prophylactic purposes 
might be expected to fall in the range of from about 100 ug to 
about 5 mg and most preferably in the range of from about 
500 g to about 2 mg. For a polypeptide, a Suitable amount to 
use for prophylactic purposes is preferably 100 ng to 100 lug 
and for a virus 10° to 10° infectious doses. Such administra 
tion will, of course, occur prior to any sign of HCV infection. 
A vaccine of the present invention may be employed in 

Such forms as capsules, liquid solutions, Suspensions or elix 
irs for oral administration, or sterile liquid forms such as 
Solutions or Suspensions. Any inert carrier is preferably used, 
Such as Saline orphosphate-buffered saline, or any such car 
rier in which the HCV of the present invention can be suitably 
Suspended. The vaccines may be in the form of single dose 
preparations or in multi-dose flasks which can be utilized for 
mass-vaccination programs of both animals and humans. For 
purposes of using the vaccines of the present invention refer 
ence is made to Remington’s Pharmaceutical Sciences, Mack 
Publishing Co., Easton, Pa., Osol (Ed.) (1980); and New 
Trends and Developments in Vaccines, Voller et al. (Eds.), 
University Park Press, Baltimore, Md. (1978), both of which 
provide much useful information for preparing and using 
vaccines. Of course, the polypeptides of the present inven 
tion, when used as vaccines, can include, as part of the com 
position or emulsion, a Suitable adjuvant, such as alum (or 
aluminum hydroxide) when humans are to be vaccinated, to 
further stimulate production of antibodies by immune cells. 
When nucleic acids or viruses are used for vaccination pur 
poses, other specific adjuvants such as CpG motifs (Krieg, A. 
M. et al. 1995 Nature 374:546 and Krieg, A. M. et al. 1996.J. 
Lab. Clin. Med. 128:128), may prove useful. 
When the nucleic acids, viruses and polypeptides of the 

present invention are used as vaccines or inocula, they will 
normally exist as physically discrete units suitable as a uni 
tary dosage for animals, especially mammals, and most espe 
cially humans, wherein each unit will contain a predeter 
mined quantity of active material calculated to produce the 
desired immunogenic effect in association with the required 
diluent. The dose of said vaccine or inoculum according to the 
present invention is administered at least once. In order to 
increase the antibody level, a second or booster dose may be 
administered at some time after the initial dose. The need for, 
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and timing of Such booster dose will, of course, be deter 
mined within the Sound judgment of the administrator of such 
vaccine or inoculum and according to Sound principles well 
known in the art. For example, such booster dose could rea 
sonably be expected to be advantageous at Some time 
between about 2 weeks to about 6 months following the initial 
vaccination. Subsequent doses may be administered as indi 
cated. 

The nucleic acid sequences, viruses and polypeptides of 
the present invention can also be administered for purposes of 
therapy, where a mammal, especially a primate, and most 
especially a human, is already infected, as shown by well 
known diagnostic measures. When the nucleic acid 
sequences, viruses or polypeptides of the present invention 
are used for Such therapeutic purposes, much of the same 
criteria will apply as when it is used as a vaccine, except that 
inoculation will occur post-infection. Thus, when the nucleic 
acid sequences, viruses or polypeptides of the present inven 
tion are used as therapeutic agents in the treatment of infec 
tion, the therapeutic agent comprises a pharmaceutical com 
position containing a sufficient amount of said nucleic acid 
sequences, viruses or polypeptides so as to elicit a therapeu 
tically effective response in the organism to be treated. Of 
course, the amount of pharmaceutical composition to be 
administered will, as for vaccines, vary depending on the 
immunogen contained therein (nucleic acid, polypeptide, 
virus) and on the route of administration. 
The therapeutic agent according to the present invention 

can thus be administered by, Subcutaneous, intramuscular or 
intradermal routes. One skilled in the art will certainly appre 
ciate that the amounts to be administered for any particular 
treatment protocol can be readily determined without undue 
experimentation. Of course, the actual amounts will vary 
depending on the route of administration as well as the sex, 
age, and clinical status of the Subject which, in the case of 
human patients, is to be determined with the Sound judgment 
of the clinician. 

The therapeutic agent of the present invention can be 
employed in Such forms as capsules, liquid Solutions, Suspen 
sions or elixirs, or sterile liquid forms such as solutions or 
Suspensions. Any inert carrier is preferably used. Such as 
saline, phosphate-buffered saline, or any such carrier in 
which the HCV of the present invention can be suitably sus 
pended. The therapeutic agents may be in the form of single 
dose preparations or in the multi-dose flasks which can be 
utilized for mass-treatment programs of both animals and 
humans. Of course, when the nucleic acid sequences, viruses 
or polypeptides of the present invention are used as therapeu 
tic agents they may be administered as a single dose or as a 
series of doses, depending on the situation as determined by 
the person conducting the treatment. 
The nucleic acids, polypeptides and viruses of the present 

invention can also be utilized in the production of antibodies 
against HCV. The term “antibody' is herein used to refer to 
immunoglobulin molecules and immunologically active por 
tions of immunoglobulin molecules. Examples of antibody 
molecules are intact immunoglobulin molecules, Substan 
tially intact immunoglobulin molecules and portions of an 
immunoglobulin molecule, including those portions known 
in the art as Fab, F(ab') and F(v) as well as chimericantibody 
molecules. 

Thus, the polypeptides, viruses and nucleic acid sequences 
of the present invention can be used in the generation of 
antibodies that immunoreact (i.e., specific binding between 
an antigenic determinant-containing molecule and a mol 
ecule containing an antibody combining site such as a whole 
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antibody molecule oran active portion thereof) with antigenic 
determinants on the surface of hepatitis C virus particles. 
The present invention therefore also relates to antibodies 

produced following immunization with the nucleic acid 
sequences, viruses or polypeptides of the present invention. 
These antibodies are typically produced by immunizing a 
mammal with an immunogen or vaccine to induce antibody 
molecules having immunospecificity for polypeptides or 
viruses produced in response to infection with the nucleic 
acid sequences of the present invention. When used in gen 
erating Such antibodies, the nucleic acid sequences, viruses, 
or polypeptides of the present invention may be linked to 
Some type of carrier molecule. The resulting antibody mol 
ecules are then collected from said mammal. Antibodies pro 
duced according to the present invention have the unique 
advantage of being generated in response to authentic, func 
tional, polypeptides produced according to the actual cloned 
HCV genome. 
The antibody molecules of the present invention may be 

polyclonal or monoclonal. Monoclonal antibodies are readily 
produced by methods well known in the art. Portions of 
immunoglobin molecules, such as Fabs, as well as chimeric 
antibodies, may also be produced by methods well known to 
those of ordinary skill in the art of generating such antibodies. 

The antibodies according to the present invention may also 
be contained in blood plasma, serum, hybridoma Superna 
tants, and the like. Alternatively, the antibody of the present 
invention is isolated to the extent desired by well known 
techniques such as, for example, using DEAE Sephadex. The 
antibodies produced according to the present invention may 
be further purified so as to obtain specific classes or sub 
classes of antibody such as IgM, IgG, IgA, and the like. 
Antibodies of the IgG class are preferred for purposes of 
passive protection. 
The antibodies of the present invention are useful in the 

prevention and treatment of diseases caused by hepatitis C 
virus in animals, especially mammals, and most especially 
humans. 

In providing the antibodies of the present invention to a 
recipient mammal, preferably a human, the dosage of admin 
istered antibodies will vary depending on Such factors as the 
mammals age, weight, height, sex, general medical condi 
tion, previous medical history, and the like. 

In general, it will be advantageous to provide the recipient 
mammal with a dosage of antibodies in the range of from 
about 1 mg/kg body weight to about 10 mg/kg body weight of 
the mammal, although a lower or higher dose may be admin 
istered if found desirable. Such antibodies will normally be 
administered by intravenous or intramuscular route as an 
inoculum. The antibodies of the present invention are 
intended to be provided to the recipient subject in an amount 
Sufficient to prevent, lessen or attenuate the severity, extent or 
duration of any existing infection. 
The antibodies prepared by use of the nucleic acid 

sequences, viruses or polypeptides of the present invention 
are also highly useful for diagnostic purposes. For example, 
the antibodies can be used as in vitro diagnostic agents to test 
for the presence of HCV in biological samples taken from 
animals, especially humans. Such assays include, but are not 
limited to, radioimmunoassays, EIA, fluorescence, Western 
blot analysis and ELISAs. In one such embodiment, the bio 
logical sample is contacted with antibodies of the present 
invention and a labeled second antibody is used to detect the 
presence of HCV to which the antibodies are bound. 

Such assays may be, for example, a direct protocol (where 
the labeled first antibody is immunoreactive with the antigen, 
Such as, for example, a polypeptide on the Surface of the 
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14 
virus), an indirect protocol (where a labeled second antibody 
is reactive with the first antibody), a competitive protocol 
(such as would involve the addition of a labeled antigen), or a 
sandwich protocol (where both labeled and unlabeled anti 
body are used), as well as other protocols well known and 
described in the art. 

In one embodiment, an immunoassay method would ulti 
lize an antibody specific for HCV envelope determinants and 
would further comprise the steps of contacting a biological 
sample with the HCV-specificantibody and then detecting the 
presence of HCV material in the test sample using one of the 
types of assay protocols as described above. Polypeptides and 
antibodies produced according to the present invention may 
also be supplied in the form of a kit, either present in vials as 
purified material, or present in compositions and Suspended 
in suitable diluents as previously described. 

In a preferred embodiment, such a diagnostic test kit for 
detection of HCV antigens in a test sample comprises in 
combination a series of containers, each container a reagent 
needed for Such assay. Thus, one Such container would con 
tain a specific amount of HCV-specific antibody as already 
described, a second container would contain a diluent for 
Suspension of the sample to be tested, a third container would 
contain a positive control and an additional container would 
contain a negative control. An additional container could 
contain a blank. 

For all prophylactic, therapeutic and diagnostic uses, the 
antibodies of the invention and other reagents, plus appropri 
ate devices and accessories, may be provided in the form of a 
kit So as to facilitate ready availability and ease of use. 
The present invention also relates to the use of nucleic acid 

sequences and polypeptides of the present invention to screen 
potential antiviral agents for antiviral activity against HCV. 
Such screening methods are known by those of skill in the art. 
Generally, the antiviral agents are tested at a variety of con 
centrations, for their effect on preventing viral replication in 
cell culture systems which Support viral replication, and then 
for an inhibition of infectivity or of viral pathogenicity (and a 
low level of toxicity) in an animal model system. 

In one embodiment, animal cells (especially human cells) 
transfected with the nucleic acid sequences of the invention 
are cultured in vitro and the cells are treated with a candidate 
antiviral agent (a chemical, peptide etc.) for antiviral activity 
by adding the candidate agent to the medium. The treated 
cells are then exposed, possibly under transfecting or fusing 
conditions known in the art, to the nucleic acid sequences of 
the present invention. A sufficient period of time would then 
be allowed to pass for infection to occur, following which the 
presence or absence of viral replication would be determined 
versus untreated control cells by methods known to those of 
ordinary skill in the art. Such methods include, but are not 
limited to, the detection of viral antigens in the cell, for 
example, by immunofluorescent procedures well known in 
the art; the detection of viral polypeptides by Western blotting 
using antibodies specific therefor; the detection of newly 
transcribed viral RNA within the cells by RT-PCR; and the 
detection of the presence of live, infectious virus particles by 
injection of cell culture medium or cell lysates into healthy, 
Susceptible animals, with Subsequent exhibition of the Symp 
toms of HCV infection. A comparison of results obtained for 
control cells (treated only with nucleic acid sequence) with 
those obtained for treated cells (nucleic acid sequence and 
antiviral agent) would indicate, the degree, if any, of antiviral 
activity of the candidate antiviral agent. Of course, one of 
ordinary skill in the art would readily understand that such 
cells can be treated with the candidate antiviral agent either 
before or after exposure to the nucleic acid sequence of the 
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present invention so as to determine what stage, or stages, of 
viral infection and replication said agent is effective against. 

In an alternative embodiment, a protease such as NS3 
protease produced from a nucleic acid sequence of the inven 
tion may be used to screen for protease inhibitors which may 
act as antiviral agents. The structural and nonstructural 
regions of the HCV genome, including nucleotide and amino 
acid locations, have been determined, for example, as 
depicted in Houghton, M. 1996 Hepatitis C viruses. In “Fields 
Virology” (B. N. Fields, D. M. Knipe, P. M. Howley, et al., 
Eds.). Third ed., Lippincott-Raven Publishers, Philadelphia, 
FIG. 1; and Major, M. E. and Feinstone, S. M. 1997 Heptol 
ogy 25:1527-1538, Table 1. 

Such above-mentioned protease inhibitors may take the 
form of chemical compounds or peptides which mimic the 
known cleavage sites of the protease and may be screened 
using methods known to those of skill in the art (Houghton, 
M. 1996 Hepatitis C viruses. In “Fields Virology” (B. N. 
Fields, D. M. Knipe, P. M. Howley, et al., Eds.). Third ed., 
Lippincott-Raven Publishers, Philadelphia and Major, M. E. 
and Feinstone, S. M. 1997 Heptology 25:1527-1538). For 
example, a Substrate may be employed which mimics the 
protease's natural substrate, but which provides a detectable 
signal (e.g. by fluorimetric or calorimetric methods) when 
cleaved. This substrate is then incubated with the protease and 
the candidate protease inhibitor under conditions of suitable 
pH, temperature etc. to detect protease activity. The pro 
teolytic activities of the protease in the presence or absence of 
the candidate inhibitor are then determined. 

In yet another embodiment, a candidate antiviral agent 
(such as a protease inhibitor) may be directly assayed in vivo 
for antiviral activity by administering the candidate antiviral 
agent to a chimpanzee transfected with a nucleic acid 
sequence of the invention and then measuring viral replica 
tion in vivo via methods such as RT-PCR. Of course, the 
chimpanzee may be treated with the candidate agent either 
before or after transfection with the infectious nucleic acid 
sequence so as to determine what stage, or stages, of viral 
infection and replication the agent is effective against. 
The invention also provides that the nucleic acid 

sequences, viruses and polypeptides of the invention may be 
supplied in the form of a kit, alone or in the form of a phar 
maceutical composition. 

All scientific publication and/or patents cited herein are 
specifically incorporated by reference. The following 
examples illustrate various aspects of the invention but are in 
no way intended to limit the scope thereof. 

EXAMPLES 

Materials and Methods for Examples 1-4 
Collection of Virus 

Hepatitis C virus was collected and used as a source for the 
RNA used in generating the cDNA clones according to the 
present invention. Plasma containing strain H77 of HCV was 
obtained from a patient in the acute phase of transfusion 
associated non-A, non-B hepatitis (Feinstone, S. M. et al 
1981 J. Infect. Dis. 144:588-598). Strain H77 belongs to 
genotype 1a of HCV (Ogata, N. et al. 1991 PNAS USA 
88:3392-3396: Inchauspe, G. et al. 1991 PNAS USA 
88: 10292-10296). The consensus sequence for most of its 
genome has been determined (Kolyakov et al. (1996), Ogata, 
N. et al. 1991 PNAS USA 88:3392-3396: Inchauspe, G. et al. 
1991 PNAS USA 88:10292-10296 and Farci, P. et al. 1996 
PNAS USA 93:15394-15399). 
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16 
RNA Purification 

Viral RNA was collected and purified by conventional 
means. In general, total RNA from 10 ul of H77 plasma was 
extracted with the TRIZol system (GIBCO BRL). The RNA 
pellet was resuspended in 100 ul of 10 mM dithiothreitol 
(DTT) with 5% (vol/vol) RNasin (20-40 units/ul) (available 
from Promega) and 10 ul aliquots were stored at -80°C. In 
subsequent experiments RT-PCR was performed on RNA 
equivalent to 1 ul of H77 plasma, which contained an esti 
mated 10 genome equivalents (GE) of HCV (Yanagi, M. et 
al. 1996.J. Infect. Dis. 174:1324-1327). 

Primers used in the RT-PCR process were deduced from 
the genomic sequences of strain H77 according to procedures 
already known in the art (see above) or else were determined 
specifically for use herein. The primers generated for this 
purpose are listed in Table 1. 

TABLE 1. 

Oligonucleotides used for PCR 
amplification of strain H77 of HCV 

Designation Sequence (5'-->3') * SEO ID NO 

H926.1F GGCTACAGCGGGGGGAGACATT (SEQ ID NO: 7) 
TATCACAGC 

H3 X58R TCATGCGGCTCACGGACCTTTC (SEO ID NO : 8) 
ACAGCTAG 

H9282F GTCCAAGCTTATCACAGCGTGT (SEQ ID NO: 9) 
CTCATGCCCGGCCCCG 

H3 X4SR CGTCTCTAGAGGACCTTTCACA (SEO ID NO : 10) 
GCTAGCCGTGACTAGGG 

H9375F TGAAGGTTGGGGTAAACACTCC (SEO ID NO : 1) 
GGCCTCTTAGGCCATT 

H3 "X-35R ACATGATCTGCAGAGAGGCCAG (SEQ ID NO: 12) 
TATCAGCACTCTC 

H938.6F GTCCAAGCTTACGCGTAAACAC (SEQ ID NO: 13) 
TCCGGCCTCCTTAAGCCATTCC 
TG 

H3 "X-38R CGTCTCTAGACATGATCTGCAG (SEO ID NO : 14) 
AGAGGCCAGTATCAGCACTCTC 
TGC 

H1. TTTTTTTTGCGGCCGCTAATAC (SEQ ID No. 15) 
GACTCACTATAGCCAGCCCCCT 
GAT- GGGGGCGACACTCCACCA. 
TG 

A1 ACTGTCTTCACGCAGAAAGCGT (SEO ID NO : 16) 
CTAGCCAT 

H941.7R CGTCTCTAGACAGGAAATGGCT (SEQ ID NO: 17) 
TAAGAGGCCGGAGTGTTTACC 

*HCV sequences are shown in plain text, nonHCV-specific 
sequences are shown in boldface and artificial cleavage Sites 
used for cDNA cloning are underlined. The Core sequence of the 
T7 promoter in primer H1 is shown in italics. 

Primers for long RT-PCR were size-purified. 

cDNA Synthesis 
The RNA was denatured at 65° C. for 2 min, and cDNA 

synthesis was performed in a 20 ul reaction volume with 
Superscript II reverse transcriptase (from GIBCO/BRL) at 
42°C. for 1 hour using specificantisense primers as described 
previously (Tellier, R. et al. 1996 PNAS USA 93:4370-4373). 
The cDNA mixture was treated with RNase H and RNase T1 
(GIBCO/BRL) for 20 min at 37° C. 
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Amplification and Cloning of the 3' UTR 
The 3' UTR of strain H77 was amplified by PCR in two 

different assays. In both of these nested PCR reactions the 
first round of PCR was performed in a total volume of 50 ul in 
1x buffer, 250 umol of each deoxynucleoside triphosphate 
(dNTP: Pharmacia), 20 umol each of external sense and anti 
sense primers, 1 Jul of the Advantage KlenTaq polymerase mix 
(from Clontech) and 2 ul of the final cDNA reaction mixture. 
In the second round of PCR, 5 ul of the first round PCR 
mixture was added to 45 ul of PCR mixture prepared as 
already described. Each round of PCR (35 cycles), which was 
performed in a Perkin Elmer DNA thermal cycler 480, con 
sisted of denaturation at 94°C. for 1 min (in 1st cycle 1 min 
30 sec), annealing at 60°C. for 1 min and elongation at 68°C. 
for 2 min. In one experiment a region from NS5B to the 
conserved region of the 3'UTR was amplified with the exter 
nal primers H9261F and H3"X58R, and the internal primers 
H9282F and H3"X45R (Table 1). In another experiment, a 
segment of the variable region to the very end of the 3' UTR 
was amplified with the external primers H9375F and H3"X- 
35R, and the internal primers H9386F and H3"X-38R (Table 
1, FIG. 1). Amplified products were purified with QIAquick 
PCR purification kit (from QIAGEN), digested with HindIII 
and Xba I (from Promega), purified by either gel electro 
phoresis, or phenol/chloroform extraction, and then cloned 
into the multiple cloning site of plasmid PGEM-9Zf(-) 
(Promega) or puC19 (Pharmacia). Cloning of cDNA into the 
vector was performed with T4 DNA ligase (Promega) by 
standard procedures. 

Amplification of Near Full-Length H77 Genomes by Long 
PCR 

The reactions were performed in a total volume of 50 ul in 
1x buffer, 250 umol of each dNTP, 10 pmol each of sense and 
antisense primers, 1 Jul of the Advantage KlenTaq polymerase 
mix and 2 ul of the cDNA reaction mixture (Tellier, R. et al. 
1996 PNAS USA 93:4370-4373). A single PCR round of 35 
cycles was performed in a Robocycler thermal cycler (from 
Stratagene), and consisted of denaturation at 99° C. for 35 
sec, annealing at 67°C. for 30 sec and elongation at 68°C. for 
10 min during the first 5 cycles, 11 min during the next 10 
cycles, 12 min during the following 10 cycles and 13 min 
during the last 10 cycles. To amplify the complete ORF of 
HCV by long RT-PCR we used the sense primers H1 or A1 
deduced from the 5' UTR and the antisense primer H9417R 
deduced from the variable region of the 3' UTR (Table 1, FIG. 
1). 

Construction of Full-Length H77 cDNA Clones 
The long PCR products amplified with H1 and H9417R 

primers were cloned directly into pGEM-9Zf(-) after diges 
tion with Not I and Xba I (from Promega) (as per FIG.1). Two 
clones were obtained with inserts of the expected size, pH21, 
and pH50.sub.I. Next, the chosen 3'UTR was cloned into both 
pH21, and pH50, after digestion with Afl II and Xba I (New 
England Biolabs). DH5O. competent cells (GIBCO/BRL) 
were transformed and selected with LBagarplates containing 
100 ug/ml amplicillin (from SIGMA). Then the selected colo 
nies were cultured in LB liquid containing amplicillin at 30° 
C. for about 18-20 hrs (transformants containing full-length 
or near full-length cDNA of H77 produced a very low yield of 
plasmid when cultured at 37° C. or for more than 24 hrs). 
After small scale preparation (Wizard Plus Minipreps DNA 
Purification Systems, Promega) each plasmid was retrans 
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Cloning of Long RT-PCR Products Into a Cassette Vector 
To improve the efficiency of cloning, a vector with consen 

sus 5' and 3' termini of HCV strain H77 was constructed (FIG. 
1). This cassette vector (pCV) was obtained by cutting out the 
BamHI fragment (nts 1358-7530 of the H77 genome) from 
pH50, followed by religation. Next, the long FCR products of 
H77 amplified with HI and H9417R or Al and H9417R prim 
ers were purified (Geneclean spin kit; BIO 101) and cloned 
into pCV after digestion with Age and AflII(New England 
Biolabs) or with PinAI (isoschizomer of Age I) and BfrI 
(isoschizomer of Afl II) (Boehringer Mannheim). Large scale 
preparations of the plasmids containing full-length cDNA of 
H77 were performed as described above. 
Construction of H77 Consensus Chimeric cDNA Clone 

A full-length cDNA clone of H77 with an ORF encoding 
the consensus amino acid sequence was constructed by mak 
ing a chimera from four of the cDNA clones obtained above. 
This consensus chimera, pCV-H77C, was constructed in two 
ligation steps by using standard molecular procedures and 
convenient cleavage sites and involved first a two piece liga 
tion and thena three piece ligation. Large scale preparation of 
pCV-H77C was performed as already described. 

In Vitro Transcription 
Plasmids containing the full-length HCV cDNA were lin 

earized with Xba I (from Promega), and purified by phenol/ 
chloroform extraction and ethanol precipitation. A 100 ul 
reaction mixture containing 10 ug of linearized plasmid 
DNA, 1xtranscription buffer, 1 mMATP, CTP, GTP and UTP, 
10 mMDTT, 4%(v/v) RNasin (20-40 unitsful) and 2 ul of T7 
RNA polymerase (Promega) was incubated at 37°C. for 2 hrs. 
Five ul of the reaction mixture was analyzed by agarose gel 
electrophoresis followed by ethidium bromide staining. The 
transcription reaction mixture was diluted with 400 ul of 
ice-cold phosphate-buffered saline without calcium or mag 
nesium, immediately frozen on dry ice and stored at -80° C. 
The final nucleic acid mixture was injected into chimpanzees 
within 24 hrs. 

Intrahepatic Transfection of Chimpanzees 
Laparotomy was performed and aliquots from two tran 

Scription reactions were injected into 6 sites of the exposed 
liver (Emerson, S. U. et al 1992 J. Virol. 66:6649-6654). 
Serum samples were collected weekly from chimpanzees and 
monitored for liver enzyme levels and anti-HCV antibodies. 
Weekly samples of 100 ulofserum were tested for HCV RNA 
in a highly sensitive nested RT-PCR assay with AmpliTaq 
Gold (Perkin Elmer) (Yanagi, M. et al. 1996.J. Infect. Dis. 
174: 1324-1327; Bukh, J. et al. 1992 PNAS USA 89:187-191). 
The genome titer of HCV was estimated by testing 10-fold 
serial dilutions of the extracted RNA in the RT-PCR assay 
(Yanagi, M. et al. 1996.J. Infect. Dis. 174:1324-1327). The 
two chimpanzees used in this study were maintained under 
conditions that met all requirements for their use in an 
approved facility. 
The consensus sequence of the complete ORF from HCV 

genomes recovered at week 2 post inoculation (p.i.) was 
determined by direct sequencing of PCR products obtained in 
long RT-PCR with primers A1 and H9417R followed by 
nested PCR of 10 overlapping fragments. The consensus 
sequence of the variable region of the 3'UTR was determined 
by direct sequencing of an amplicon obtained in nested RT 
PCR as described above. Finally, we amplified selected 
regions independently by nested RT-PCR with AmpliTaq 
Gold. 
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Sequence Analysis 
Both strands of DNA from PCR products, as well as plas 

mids, were sequenced with the ABI PRISM Dye Termination 
Cycle Sequencing Ready Reaction Kit using Taq DNA poly 
merase (PerkinElmer) and about 100 specific sense and anti 
sense sequence primers. 
The consensus sequence of HCV strain H77 was deter 

mined in two different ways. In one approach, overlapping 
PCR products were directly sequenced, and amplified in 
nested RT-PCR from the H77 plasma sample. The sequence 
analyzed (nucleotides (nts) 35-9417) included the entire 
genome except the very 5' and 3' termini. In the second 
approach, the consensus sequence of nts 157-9384 was 
deduced from the sequences of 18 full-length cDNA clones. 

Example 1 

Variability in the Sequence of the 3' UTR of HCV 
Strain H77 

The heterogeneity of the 3' UTR was analyzed by cloning 
and sequencing of DNA amplicons obtained in nested RT 
PCR. 19 clones containing sequences of the entire variable 
region, the poly U-UC region and the adjacent 19 nt of the 
conserved region, and 65 clones containing sequences of the 
entire poly U-UC region and the first 63 nts of the conserved 
region were analyzed. This analysis confirmed that the Vari 
able region consisted of 43 nts, including two conserved 
termination codons (Han, J. M. et al 1992 Nucl. Acids Res. 
20:3250). The sequence of the variable region was highly 
conserved within H77 since only 3 point mutations were 
found among the 19 clones analyzed. A poly U-UC region 
was present in all 84 clones analyzed. However, its length 
varied from 71-141 nts. The length of the poly U region was 
9-103 nts, and that of the poly UC region was 35-85 nts. The 
number of Cresidues increased towards the 3' end of the poly 
UC region but the sequence of this region is not conserved. 
The first 63 nts of the conserved region were highly conserved 
among the clones analyzed, with a total of only 14 point 
mutations. To confirm the validity of the analysis, the 3' UTR 
was reamplified directly from a full-length cDNA clone of 
HCV (see below) by the nested-PCR procedure with the 
primers in the variable region and at the very 3' end of the 
HCV genome and cloned the PCR product. Eight clones had 
1-7 nt deletions in the poly U region. Furthermore, although 
the C residues of the poly UC region were maintained, the 
spacing of these varied because of 1-2 nt deletions of U 
residues. These deletions must be artifacts introduced by PCR 
and Such mistakes may have contributed to the heterogeneity 
originally observed in this region. However, the conserved 
region of the 3' UTR was amplified correctly, Suggesting that 
the deletions were due to difficulties in transcribing a highly 
repetitive sequence. 
One of the 3' UTR clones was selected for engineering of 

full-length cDNA clones of H77. This clone had the consen 
Sus variable sequence except for a single point mutation intro 
duced to create an AflII cleavage site, a poly U-UC stretch of 
81 nts with the most commonly observed UC pattern and the 
consensus sequence of the complete conserved region of 101 
nts, including the distal 38 nts which originated from the 
antisense primer used in the amplification. After linearization 
with Xbal, the DNA template of this clone had the authentic 
3' end. 
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Example 2 

The Entire Open Reading Frame of H77 Amplified 
in One Round of Long RT-PCR 

It had been previously demonstrated that a 9.25 kb frag 
ment of the HCV genome from the 5' UTR to the 3' end of 
NS5B could be amplified from 104 GE (genome equivalents) 
of H77 by a single round of long RT-PCR (Tellier, R. et al. 
1996.J. Clin. Microbiol. 34:3085-3091). In the current study, 
by optimizing primers and cycling conditions, the entire ORF 
of H77 was amplified in a single round of long RT-PCR with 
primers from the 5' UTR and the variable region of the 3' 
UTR. In fact, 9.4 kb of the H77 genome (H product: from the 
very 5' end to the variable region of the 3' UTR) could be 
amplified from 10 GE or 9.3 kb (A product: from within the 
5' UTR to the variable region of the 3' UTR) from 10 GE or 
10 GE, in a single round of long RT-PCR (FIG. 2). The PCR 
products amplified from 10 GE of H77 were used for engi 
neering full-length cDNA clones (see below). 

Example 3 

Construction of Multiple Full-Length CDNA Clones 
of H77 in a Single Step by Cloning of Long RT-PCR 

Amplicons Directly into a Cassette Vector with 
Fixed 5' and 3' Termini 

Direct cloning of the long PCR products (H), which con 
taineda 5'T7 promoter, the authentic 5' end, the entire ORF of 
H77 and a short region of the 3' UTR, into pGEM-9zf(-) 
vector by NotI and Xbal digestion was first attempted. How 
ever, among the 70 clones examined all but two had inserts 
that were shorter than predicted. Sequence analysis identified 
a second Not I site in the majority of clones, which resulted in 
deletion of the nts past position 9221. Only two clones (pH21, 
and pH50) were missing the second NotI site and had the 
expected 5' and 3' sequences of the PCR product. Therefore, 
full-length cDNA clones (pH21 and pH5O) were constructed 
by inserting the chosen 3'UTR into pH21 and pH50, respec 
tively. Sequence analysis revealed that clone pH21 had a 
complete full-length sequence of H77; this clone was tested 
for infectivity. The second clone, pH50, had onent deletion in 
the ORF at position 6365; this clone was used to make a 
CaSSette VectOr. 

The complete ORF was amplified by constructing a cas 
sette vector with fixed 5' and 3' termini as an intermediate of 
the full-length cDNA clones. This vector (pCV) was con 
structed by digestion of clone pH50 with BamHI, followed by 
religation, to give a shortened plasmid readily distinguished 
from plasmids containing the full-length insert. Attempts to 
clone long RT-PCR products (H) into pCV by AgeI and AflII 
yielded only 1 of 23 clones with an insert of the expected size. 
In order to increase the efficiency of cloning, we repeated the 
procedure but used PinAI and BfrI instead of the respective 
isoschizomers AgeI and AflII. By this protocol, 24 of 31 H 
clones and 30 of 35A clones had the full-length cDNA of H77 
as evaluated by restriction enzyme digestion. A total of 16 
clones, selected at random, were each retransformed, and 
individual plasmids were purified and completely sequenced. 
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Example 4 

Demonstration of Infectious Nature of Transcripts of 
a cDNA Clone Representing the Consensus 

Sequence of Strain H77 

A consensus chimera was constructed from 4 of the full 
length cDNA clones with just 2 ligation steps. The final 
construct, pCV-H77C, had 11 nt differences from the consen 
sus sequence of H77 in the ORF (FIG. 3). However, 10 of 
these nucleotide differences represented silent mutations. 
The chimeric clone differed from the consensus sequence at 
only one amino acid IL instead of F at position 790. Among 
the 18 ORFs analyzed above, the F residue was found in 11 
clones and the L residue in 7 clones. However, the L residue 
was dominant in other isolates of genotype 1a, including a 
first passage of H77 in a chimpanzee (Inchauspe, G. et al. 
1991 PNAS USA 88:10292-10296). 
To test the infectivity of the consensus chimeric clone of 

H77 intrahepatic transfection of a chimpanzee was per 
formed. The pCV-H77C clone was linearized with Xba I and 
transcribed in vitro by T7 RNA polymerase (FIG. 2). The 
transcription mixture was next injected into 6 sites of the liver 
of chimpanzee 1530. The chimpanzee became infected with 
HCV as measured by detection of 10° GE/ml of viral genome 
at week 1 p.i. Furthermore, the HCV titer increased to 10 
GE/ml at week 2 p.i., and reached 10° GE/ml by week 8 p.i. 
The viremic pattern observed in the early phase of the infec 
tion with the recombinant virus was similar to that observed 
in chimpanzees inoculated intravenously with strain H77 or 
other strains of HCV (Shimizu, Y. K. et al. 1990 PNAS USA 
87:6441-6444). 
The sequence of the HCV genomes from the serum sample 

collected at week 2 p.i. was analyzed. The consensus 
sequence of nts 298-9375 of the recovered genomes was 
determined by direct sequencing of PCR products obtained in 
long RT-PCR followed by nested PCR of 10 overlapping 
fragments. The identity to clone pCV-H77C sequence was 
100%. The consensus sequence of nts 96-291, 1328-1848, 
3585-4106, 4763-5113 and 9322-9445 was determined from 
PCR products obtained in different nested RT-PCR assays. 
The identity of these sequences with pCV-H77C was also 
100%. These latter regions contained 4 mutations unique to 
the consensus chimera, including the artificial Afl cleavage 
site in the 3' UTR. Therefore, RNA transcripts of this clone of 
HCV were infectious. 
The infectious nature of the consensus chimera indicates 

that the regions of the 5' and 3' UTRs incorporated into the 
cassette vector do not destroy viability. This makes it highly 
advantageous to use the cassette vector to construct infectious 
cDNA clones of other HCV strains when the consensus 
sequence for each ORF is inserted. 

In addition, two complete full-length clones (dubbed pH21 
and pCV-H11) constructed were not infectious, as shown by 
intrahepatic injection of chimpanzees with the corresponding 
RNA transcripts. Thus, injection of the transcription mixture 
into 3 sites of the exposed liver resulted in no observable HCV 
replication and weekly serum samples were negative for 
HCV RNA at weeks 1-17 p.i. in a highly sensitive nested 
RT-PCR assay. The cDNA template injected along with the 
RNA transcripts was also not detected in this assay. 

Moreover, the chimpanzee remained negative for antibod 
ies to HCV throughout the follow-up. Subsequent sequence 
analysis revealed that 7 of 16 additional clones were defective 
for polyprotein synthesis and all clones had multiple amino 
acid mutations compared with the consensus sequence of the 
parent Strain. For example, clone pH21, which was not infec 
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tious, had 7 amino acid substitutions in the entire predicted 
polyprotein compared with the consensus sequence of H77 
(FIG. 3). The most notable mutation was at position 1026, 
which changed L to Q, altering the cleavage site between NS2 
and NS3 (Reed, K. E. et al. 1995 J. Virol. 69:4127-4136). 
Clone pCV-H11, also non-infectious, had 21 amino acid sub 
stitutions in the predicted polyprotein compared with the 
consensus sequence of H77 (FIG. 3). The amino acid muta 
tion at, position 564 eliminated a highly conserved C residue 
in the E2 protein (Okamoto, H. etal. 1992a Virology 188:331 
341). 

Example 4A 

The chimpanzee of Example 4, designated 1530, was 
monitored out to 32 weeks p.i.for serum enzyme levels (ALT) 
and the presence of anti-HCV antibodies, HCV RNA, and 
liver histopathology. The results are shown in FIG. 18B. 
A second chimp, designated 1494, was also transfected 

with RNA transcripts of the pCV-H77C clone and monitored 
out to 17 weeks p.i. for the presence of anti-HCV antibodies, 
HCV RNA and elevated serum enzyme levels. The results are 
shown in FIG. 18A. 

Materials and Methods for Examples 5-10 
Source of HCV Genotype 1b 
An infectious plasma pool (second chimpanzee passage) 

containing strain HC-J4, genotype 1b, was prepared from 
acute phase plasma of a chimpanzee experimentally infected 
with serum containing HC-J4/91 (Okamoto, H. et al. 1992b 
Virology 190:894-899). The HC-J4/91 sample was obtained 
from a first chimpanzee passage during the chronic phase of 
hepatitis C about 8 years after experimental infection. The 
consensus sequence of the entire genome, except for the very 
3' end, was determined previously for HC-J4/91 (Okamoto, 
H. et al. 1992b Virology 190:894-899). 
Preparation of HCV RNA 

Viral RNA was extracted from 100 ul aliquots of the HC-J4 
plasma pool with the TRIZol system (GIBCO BRL). The 
RNA pellets were each resuspended in 10ul of 10 mM dithio 
threitol (DTT) with 5% (vol/vol) RNasin (20-40 units/ul) 
(Promega) and stored at -80° C. or immediately used for 
cDNA synthesis. 
Amplification and Cloning of the 3' UTR 
A region spanning from NS5B to the conserved region of 

the 3' UTR was amplified in nested RT-PCR using the proce 
dure of Yanagi, M. et al. 1997 PNAS USA 94:8738-8743. 

In brief, the RNA was denatured at 65° C. for 2 minutes, 
and cDNA was synthesized at 42°C. for 1 hour with Super 
script II reverse transcriptase (GIBCO BRL) and primer 
H3X58R (Table 1) in a 20 ul reaction volume. The cDNA 
mixture was treated with RNase H and RNase T1 (GIBCO 
BRL) at 37° C. for 20 minutes. The first round of PCR was 
performed on 2 ul of the final clNA mixture in a total volume 
of 50 ul with the Advantage cDNA polymerase mix (Clon 
tech) and external primers H9261F (Table 1) and H3"X58R 
(Table 1). In the second round of PCR internal primers 
H9282F (Table 1) and H3"X45R (Table 1), 5 ul of the first 
round PCR mixture was added to 45ul of the PCR reaction 
mixture. Each round of PCR (35 cycles), was performed in a 
DNA thermal cycler 480 (Perkin Elmer) and consisted of 
denaturation at 94° C. for 1 minute (1st cycle: 1 minute 30 
sec), annealing at 60° C. for 1 minute and elongation at 68°C. 
for 2 minutes. After purification with QIAquick PCR purifi 
cation kit (QIAGEN), digestion with HindIII and Xbal 
(Promega), and phenol/chloroform extraction, the amplified 
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products were cloned into pGEM-9Zf(-) (Promega) (Yanagi, 
M. et al. 1997 PNAS USA 94:8738-8743). 

Amplification and Cloning of the Entire ORF 
A region from within the 5' UTR to the variable region of 5 

the 3' UTR of strain HC-J4 was amplified by long RT-PCR 
(FIG. 1) (Yanagi, M. et al. 1997 PNAS USA 94:8738-8743). 
The cDNA was synthesized at 42°C. for 1 hour in a 20 ul 
reaction volume with Superscript II reverse transcriptase and 
primer J4-9405R (5'-GCCTATTGGCCTGGAGTGGT 
TAGCTC-3) (SEQID NO: 18), and treated with RNases as 
above. The cDNA mixture (2 Jul) was amplified by long PCR 
with the Advantage cDNA polymerase mix and primers A1 
(Table 1)(Bukh, J. etal. 1992 PNAS USA 89:187-191:Yanagi, 
M. et al. 1997 PNAS USA 94:8738-8743) and J4-9398R (5'- 
AGGATGGCCTTAAGGCCTGGAGTGGT 
TAGCTCCCCGTTCA-3) (SEQ ID NO: 19). Primer 
J4-9398R contained extra bases (bold) and an artificial AflII 
cleavage site (underlined). A single PCR round was per 
formed in a Robocycler thermal cycler (Stratagene), and con 
sisted of denaturation at 99 C. for 35 seconds, annealing at 
67°C. for 30 seconds and elongation at 68°C. for 10 minutes 
during the first Scycles, 11 minutes during the next 10 cycles, 
12 minutes during the following 10 cycles and 13 minutes 
during the last 10 cycles. 

After digesting the long PCR products obtained from strain 
HC-J4 with PinAI (isoschizomer of AgeI) and BfrI (isoschi 
Zomer of AflII) (Boehringer Mannheim), attempts were made 
to clone them directly into a cassette vector (pCV), which 
contained the 5' and 3' termini of strain H77 (FIG. 1) but no 
full-length clones were obtained. Accordingly, to improve the 
efficiency of cloning, the PCR product was further digested 
with BglII (Boehringer Mannheim) and the two resultant 
genome fragments IL fragment: PinAI/BglII, nts 156-8935; S 
fragment: BglIL/BrfI, nts 8936-9398 were separately cloned 
into pCV (FIG. 6). 

DH5.alpha. competent cells (GIBCO BRL) were trans 
formed and selected on LB agar plates containing 100 ug/ml 
ampicillin (SIGMA) and amplified in LB liquid cultures at 
30° C. for 18-20 hours. 

Sequence analysis of 9 plasmids containing the Sfragment 
(miniprep samples) and 9 plasmids containing the L fragment 
(maxiprep samples) were performed as described previously 
(Yanagi, M. et al. 1997 PNAS USA 94:8738-8743). Three L 
fragments, each encoding a distinct polypeptide, were cloned 
into pCV-J4S9 (which contained an S fragment encoding the 
consensus amino acid sequence of HC-J4) to construct three 
chimeric full-length HCV cDNAs (pCV-J4L2S, pCV-J4L4S 
and pCV-J4L6S) (FIG. 6). Large scale preparation of each 
clone was performed as described previously with a QIAGEN 
plasmid Maxi kit (Yanagi, M. etal. 1997 PNAS USA 94:8738 
8743) and the authenticity of each clone was confirmed by 
sequence analysis. 

Sequence Analysis 
Both strands of DNA were sequenced with the ABIPRISM 

Dye Termination Cycle Sequencing Ready Reaction Kit 
using Taq DNA polymerase (Perkin Elmer) and about 90 
specific sense and antisense primers. Analyses of genomic 
sequences, including multiple sequence alignments and tree 
analyses, were performed with GeneWorks (Oxford Molecu 
lar Group) (Bukh, J. et al. 1995 Semin. Liver Dis. 15:41-63). 
The consensus sequence of strain HC-J4 was determined 

by direct sequencing of PCR products (nts 11-9412) and by 
sequence analysis of multiple cloned L and S fragments (nts 
156-9371). The consensus sequence of the 3'UTR (3' variable 
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region, polypyrimidine tract and the first 16 nucleotides of the 
conserved region) was determined by analysis of 24 cDNA 
clones. 

Intrahepatic Transfection of a Chimpanzee with Transcribed 
RNA 
Two in vitro transcription reactions were performed with 

each of the three full-length clones. In each reaction 10 ug of 
plasmid DNA linearized with Xbal (Promega) was tran 
scribed in a 100 ul reaction volume with T7 RNA polymerase 
(Promega) at 37° C. for 2 hours as described previously 
(Yanagi, M. et al. 1997 PNAS USA 94:8738-8743). Five ul of 
the final reaction mixture was analyzed by agarose gel elec 
trophoresis and ethidium bromide staining (FIG. 5). Each 
transcription mixture was diluted with 400 ul of ice-cold 
phosphate-buffered saline without calcium or magnesium 
and then the two aliquots from the same cINA clone were 
combined, immediately frozen on dry ice and stored at 
-80°C. Within 24 hours after freezing the transcription mix 
tures were injected into the chimpanzee by percutaneous 
intrahepatic injection that was guided by ultrasound. Each 
inoculum was individually injected (5-6 sites) into a separate 
area of the liver to prevent complementation or recombina 
tion. The chimpanzee was maintained under conditions that 
met all requirements for its use in an approved facility. 
Serum samples were collected weekly from the chimpan 

Zee and monitored for liver enzyme levels and anti-HCV 
antibodies. Weekly samples of 100 ul of serum were tested for 
HCV RNA in a sensitive nested RT-PCR assay (Bukh, J. etal. 
1992 PNAS USA 89:187-191:Yanagi, M. et al. 1996.J. Infect. 
Dis. 174:1324-1327) with AmpliTaq Gold DNA polymerase. 
The genome equivalent (GE) titer of HCV was determined by 
testing 10-fold serial dilutions of the extracted RNA in the 
RT-PCR assay (Yanagi, M. et al. 1996 J. Infect. Dis. 174: 
1324-1327) with 1 GE defined as the number of HCV 
genomes present in the highest dilution which was positive in 
the RT-nested PCR assay. 
To identify which of the three clones was infectious in vivo, 

the NS3 region (nts 3659-41 10) from the chimpanzee serum 
was amplified in a highly sensitive and specific nested RT 
PCR assay with AmpliTaq Gold DNA polymerase and the 
PCR products were cloned with a TA cloning kit (Invitrogen). 
In addition, the consensus sequence of the nearly complete 
genome (nts 11-9441) was determined by direct sequencing 
of overlapping PCR products. 

Example 5 

Sequence Analysis of Infectious Plasma Pool of 
Strain HC-J4Used as the Cloning Source 

As an infectious cDNA clone of a genotype 1a strain of 
HCV had been obtained only after the ORF was engineered to 
encode the consensus polypeptide (Kolykhalov, A. A., et al. 
1997 Science 277:570-574;Yanagi, M. et al. 1997 PNAS USA 
94:8738-8743), a detailed sequence analysis of the cloning 
Source was performed to determine the consensus sequence 
prior to constructing an infectious cDNA clone of a 1b geno 
type. 
A plasma pool of strain HC-J4 was prepared from acute 

phase plasmapheresis units collected from a chimpanzee 
experimentally infected with HC-J4/91 (Okamoto, H. et al. 
1992 Virology 190:894-899). This HCV pool had a PCR titer 
of 10-10 GE/ml and an infectivity titer of approximately 
10 chimpanzee infectious doses per ml. 
The heterogeneity of the 3'UTR of strain HC-J4 was deter 

mined by analyzing 24 clones of nested RT-PCR product. The 
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consensus sequence was identical to that previously pub 
lished for HC-J4/91 (Okamoto, H. et al. 1992 Virology 190: 
894-899), except at position 94.07 (see below). The variable 
region consisted of 41 nucleotides (nts. 9372-9412), includ 
ing two in-frame termination codons. Furthermore, its 
sequence was highly conserved except at positions 93.99 (19 
A and 5 T clones) and 94.07 (17T and 7A clones). The poly 
U-UC region varied slightly in composition and greatly in 
length (31-162 nucleotides). In the conserved region, the first 
16 nucleotides of 22 clones were identical to those previously 
published for other genotype 1 strains, whereas two clones 
each had a single point mutation. These data suggested that 
the structural organization at the 3' end of HC-J4 was similar 
to that of the infectious clone of a genotype 1a strain of 
Yanagi, M. et al. 1997 PNAS USA 94:8738-8743. 

Next, the entire ORF of HC-J4 was amplified in a single 
round of long RT-PCR (FIG. 5). The original plan was to 
clone the resulting PCR products into the Pin Al and BrfI site 
of a HCV cassette vector (pCV), which had fixed 5' and 3' 
termini of genotype 1a (Yanagi et al., 1997) but since full 
length clones were not obtained, two genome fragments (L 
and S) derived from the long RT-PCR products (FIG. 6) were 
separately subcloned into pCV. 
To determine the consensus sequence of the ORF, the 

sequence of 9 clones each of the L fragment (pCV-J4L) and of 
the S fragment (pCV-J4S) was determined and quasispecies 
were found at 275 nucleotide (3.05%) and 78 amino acid 
(2.59%) positions, scattered throughout the 9030 nts (3010 
aa) of the ORF (FIG. 7). Of the 161 nucleotide substitutions 
unique to a single clone, 71% were at the third position of the 
codon and 72% were silent. 

Each of the nine L clones represented the near complete 
ORF of an individual genome. The differences among the L 
clones were 0.30-1.53% at the nucleotide and 0.31-1.47% at 
the amino acid level (FIG. 8). Two clones, L1 and L7, had a 
defective ORF due to a single nucleotide deletion and a single 
nucleotide insertion, respectively. Even though the HC-J4 
plasma pool was obtained in the early acute phase, it appeared 
to contain at least three viral species (FIG. 9). Species A 
contained the L1, L2, L6, L8 and L9 clones, species B the L3, 
L7 and L10 clones and species C the L4 clone. Although each 
species A clone was unique all A clones differed from all B 
clones at the same 20 amino acid sites and at these positions, 
species Chad the species A sequence at 14 positions and the 
species B sequence at 6 positions (FIG. 7). 
Okamoto and coworkers (Okamoto, H. et al. 1992 Virology 

190:894-899) previously determined the nearly complete 
genome consensus sequence of Strain HC-J4 in acute phase 
serum of the first chimpanzee passage (HC-J4/83) as well as 
in chronic phase serum collected 8.2 years later (HC-J4/91). 
In addition, they determined the sequence of amino acids 379 
to 413 (including HVR1) and amino acids 468 to 486 (includ 
ing HVR2) of multiple individual clones (Okamoto, H. et al. 
1992 Virology 190:894-899). 

It was found by the present inventors that the sequences of 
individual genomes in the plasma pool collected from a chim 
panzee inoculated with HC-J4/91 were all more closely 
related to HC-J4/91 than to HC-J4/83 (FIGS. 8, 9) and con 
tained HVR amino acid sequences closely related to three of 
the four viral species previously found in HC-J4/91 (FIG.10). 

Thus, the data presented herein demonstrate the occur 
rence of the simultaneous transmission of multiple species to 
a single chimpanzee and clearly illustrates the difficulties in 
accurately determining the evolution of HCV over time since 
multiple species with significant changes throughout the 
HCV genome can be present from the onset of the infection. 
Accordingly, infection of chimpanzees with monoclonal 
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26 
viruses derived from the infectious clones described herein 
will make it possible to perform more detailed studies of the 
evolution of HCV in vivo and its importance for viral persis 
tence and pathogenesis. 

Example 6 

Determination of the Consensus Sequence of HC-J4 
in the Plasma Pool 

The consensus sequence of nucleotides 156-9371 of HC-J4 
was determined by two approaches. In one approach, the 
consensus sequence was deduced from 9 clones of the long 
RT-PCR product. In the other approach the long RT-PCR 
product was reamplified by PtR as overlapping fragments 
which were sequenced directly. The two “consensus’ 
sequences differed at 31 (0.34%) of 9216 nucleotidepositions 
and at 11 (0.37%) of 3010 deduced amino acid positions 
(FIG. 7). At all of these positions a major quasispecies of 
strain HC-J4 was found in the plasma pool. At 9 additional 
amino acid positions the cloned sequences displayed hetero 
geneity and the direct sequence was ambiguous (FIG. 7). 
Finally, it should be noted that there were multiple amino acid 
positions at which the consensus sequence obtained by direct 
sequencing was identical to that obtained by cloning and 
sequencing even though a major quasispecies was detected 
(FIG. 7). 

For positions at which the two "consensus’ sequences of 
HC-J4 differed, both amino acids were included in a compos 
ite consensus sequence (FIG. 7). However, even with this 
allowance, none of the 9 L clones analyzed (aa 1-2864) had 
the composite consensus sequence: two clones did not encode 
the complete polypeptide and the remaining 7 clones differed 
from the consensus sequence by 3-13 amino acids (FIG. 7). 

Example 7 

Construction of Chimeric Full-Length cDNA Clones 
Containing The Entire ORF of HC-J4 

The cassette vector used to clone strain H77 was used to 
construct an infectious cDNA clone containing the ORF of a 
second subtype. 

In brief, three full-length cDNA clones were constructed 
by cloning different L fragments into the PinAI/BglII site of 
pCV-J4S9, the cassette vector for genotype 1 a (FIG. 6), 
which also contained an S fragment encoding the consensus 
amino acid sequence of HC-J4. Therefore, although the ORF 
was from strain HC-J4, most of the 5' and 3' terminal 
sequences originated from strain H77. As a result, the 5' and 
3' UTR were chimeras of genotypes 1a and 1b (FIG. 11). 
The first 155 nucleotides of the 5' UTR were from Strain 

H77 (genotype 1a), and differed from the authentic sequence 
of HC-J4 (genotype 1) at nucleotides 11, 12, 13,34 and 35. In 
two clones (pCV-J4L2S, pCV-J4L6S) the rest of the 5' UTR 
had the consensus sequence of HC-J4, whereas the third clone 
(pCV-J4L4S) had a single nucleotide insertion at position 
207. In all 3 clones the first 27 nucleotides of the 3' variable 
region of the 3' UTR were identical with the consensus 
sequence of HC-J4. The remaining 15 nucleotides of the 
variable region, the poly U-UC region and the 3' conserved 
region of the 3' UTR had the same sequence as an infectious 
clone of strain H77 (FIG. 11). 
None of the three full-length clones of HC-J4 had the ORF 

composite consensus sequence (FIGS. 7, 12). The pCV 
J4L6S clone had only three amino acid changes: Q for R at 
position 231 (E1), V for A at position 937 (NS2) and T for S 
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at position 1215 (NS3). The pCV-J4L4S clone had 7 amino 
acid changes, including a change at position 450 (E2) that 
eliminated a highly conserved N-linked glycosylation site 
(Okamoto, H. et al. 1992 Virology 188:331-341). Finally, the 
pCV-J4L2S clone had 9 amino acid changes compared with 
the consensus sequence of HC-J4. A change at position 304 
(El) mutated a highly conserved cysteine residue (Bukh, J. et 
al. 1993 PNAS USA 90:8234-8238; Okamoto, H. et al. 1992 
Virology 188:331-341). 

Example 8 

Transfection of a Chimpanzee by In Vitro Transcripts 
of a Chimeric cDNA 

The infectivity of the three chimeric HCV clones was 
determined by ultra-sound-guided percutaneous intrahepatic 
injection into the liver of a chimpanzee of the same amount: 
of cDNA and transcription mixture for each of the clones 
(FIG. 5). This procedure is a less invasive procedure than the 
laparotomy procedure utilized by Kolykhalov, A. A., et al. 
1997 Science 277:570-574 and Yanagi, M. et al. 1997 PNAS 
USA 94:8738-8743 and should facilitate in vivo Studies of 
cDNA clones of HCV in chimpanzees since percutaneous 
procedures, unlike laparotomy, can be performed repeatedly. 
As shown in FIG. 13, the chimpanzee became infected with 

HCV as measured by increasing titers of 10 GE/ml at week 
1 p.i., 10 GE/ml at week 2 p.i. and 10-10 GE/ml during 
weeks 3 to 10 p.i. 

The viremic pattern found in the early phase of the infec 
tion was similar to that observed for the recombinant H77 
virus in chimpanzees (Bukh et al., unpublished data; 
Kolykhalov, A. A., et al. 1997 Science 277:570-574; Yanagi, 
M. et al. 1997 PNAS USA 94:8738-8743). The chimpanzee 
transfected in the present study was chronically infected with 
hepatitis G. virus (HGV/GBV-C) (Bukh, J. et al. 1998 Experi 
mental infection of chimpanzees with hepatitis G. virus and 
genetic analysis of the virus.J. Infect. Dis. (in press) and had 
a titer of 10° GE/mlat the time of HCV transfection. Although 
HGV/GBV-C was originally believed to be a hepatitis virus, 
it does not cause hepatitis in chimpanzees (Bukh, J. etal. 1998 
Experimental infection of chimpanzees with hepatitis G virus 
and genetic analysis of the virus.J. Infect. Dis. (in press) and 
may not replicate in the liver (Laskus, T. et al. 1997.J. Virol. 
71:7804-7806). The present study demonstrated that an ongo 
ing infection of HGV/GBV-C did not prevent acute HCV 
infection in the chimpanzee model. 

However, to identify which of the three full-length HC-J4 
clones were infectious, the NS3 region (nts. 3659-41 10) of 
HCV genomes amplified by RT-PCR from serum samples 
taken from the infected chimpanzee during weeks 2 and 4 
post-infection (p.i.) were cloned and sequenced. As the PCR 
primers were a complete match with each of the original three 
clones, this assay should not have preferentially amplified 
one virus over another. Sequence analysis of 26 and 24 clones 
obtained at weeks 2 and 4 p.i., respectively, demonstrated that 
all originated from the transcripts of pCV-J4L6S. 

Moreover, the consensus sequence of PCR products of the 
nearly complete genome (nts. 11-9441), amplified from 
serum obtained during week 2 p.i., was identical to the 
sequence of pCV-J4L6S and there was no evidence of qua 
sispecies. Thus, RNA transcripts of pCV-J4L6S, but not of 
pCV-J4L2S or pCV-J4L4S, were infectious in vivo. The data 
in FIG. 13 is therefore the product of the transfection of RNA 
transcripts of pCV-J4L6S. 

In addition, the chimeric sequences of genotypes 1a and 1b 
in the UTRs were maintained in the infected chimpanzee. The 
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consensus sequence of nucleotides 11-341 of the 5' UTR and 
the variable region of the 3' UTR, amplified from serum 
obtained during weeks 2 and 4 p.i., had the expected chimeric 
sequence of genotypes 1a and 1b (FIG. 11). Also three of four 
clones of the 3' UTR obtained at week 2 p.i. had the chimeric 
sequence of the variable region, whereas a single Substitution 
was noted in the fourth clone. However, in all four clones the 
poly U region was longer (2-12nts) than expected. Also, extra 
C and G residues were observed in this region. For the most 
part, the number of C residues in the poly UC region was 
maintained in all clones although the spacing varied. As 
shown previously, variations in the number of U residues can 
reflect artifacts introduced during PCR amplification 
(Yanagi, M. et al. 1997 PNAS USA 94:8738-8743). The 
sequence of the first 19 nucleotides of the conserved region 
was maintained in all four clones. Thus, with the exception of 
the poly U-UC region, the genomic sequences recovered 
from the infected chimpanzee were exactly those of the chi 
meric infectious clone pCV-J4BL6S. 
The results presented in FIG. 13 therefore demonstrate that 

HCV polypeptide sequences other than the consensus 
sequence can be infectious and that a chimeric genome con 
taining portions of the H77 termini could produce an infec 
tious virus. In addition, these results showed for the first time 
that it is possible to make infectious viruses containing 5' and 
3' terminal sequences specific for two different subtypes of 
the same major genotype of HCV. 

Example 9 

Construction of a Chimeric 1a/1b Infectious Clone 

A chimeric 1a/1b infectious clone in which the structural 
region of the genotype 1b infectious clone is inserted into the 
1a clone of Yanagi, M. et al. 1997 PNAS USA 94:8738-8743 
is constructed by following the protocol shown in FIG. 15. 
The resultant chimera contains nucleotides 156-2763 of the 
1b clone described herein inserted into the la clone of FIGS. 
4A-4F. The sequences of the primers shown in FIG. 15 which 
are used in constructing this chimeric clone, designated 
pH77CV-J4, are presented below. 

1. H2751S (ClaIANde I) (SEQ ID NO: 2O) 
CGT CAT CGA TCC TCA. GCG. GGC ATA TGC ACT GGA 
CAC GGA 

2 H287OR (SEQ ID NO: 21) 
CAT GCA CCA GCT GAT ATA GCG CTT GTA ATA TG 

3. Hi851S (SEQ ID NO: 22) 
TCC GTA GAG GAA GCT TGC AGC CTG ACG. CCC 

4. H9173 R (P-M) (SEQ ID NO: 23) 
GTA CTT GCC ACA. TAT AGC AGC CCT GCC. TCC, TCT G 

5. H914OS (P-M) (SEQ ID NO: 24) 
CAG AGG AGG CAG GGC TGC TAT ATG TGG CAA GTA. C. 

6. H941.7R (SEQ ID NO: 25) 
CGT CTC TAG ACA GGA AAT GGC TTA AGA. GGC CGG 
AGT GTT TAC C 

7. J4 - 2271S (SEQ ID NO: 26) 
TGC AAT TGG ACT CGA. GGA GAG CGC TGT AAC TTG 
GAG 

8. J4-2776R (Nde I) (SEO ID NO: 27) 
CGG TCC AAG GCA. TAT GCT CGT GGT GGT AAC GCC 
AG 

Transcripts of the chimeric la/1b clone (whose sequence is 
shown in FIGS. 16A-16F) are then produced and transfected 
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into chimpanzees by the methods described in the Materials 
and Methods section herein and the transfected animals are 
then be subjected to biochemical (ALT levels), histopatho 
logical and PCR analyses to determine the infectivity of the 
chimeric clone. 

Example 10 

Construction of 3' Deletion Mutants of the la 
Infectious Clone pCV-H77C 

Seven constructs having various deletions in the 3' untrans 
lated region (UTR) of the 1a infectious clone pCV-H77C 
were constructed as described in FIGS. 17A-17B. The 3' 
untranslated sequence remaining in each of the seven con 
structs following their respective deletions is shown in FIGS. 
17A-17B. 

Construct pCV-H77C(-98X) containing a deletion of the 
3'-most 98 nucleotide sequences in the 3'-UTR was tran 
scribed in vitro according to the methods described herein 
and 1 ml of the diluted transcription mixture was percutane 
ously transfected into the liver of a chimpanzee with the aid of 
ultrasound. After three weeks, the transfection was repeated. 
The chimpanzee was observed to be negative for hepatitis C 
virus replication as measured by RT-PCR assay for 5 weeks 
after transfection. These results demonstrate that the deleted 
98 nucleotide 3'-UTR sequence was critical for production of 
infectious HCV and appear to contradict the reports of Dash, 
S. et al. 1997 Am. J. Pathol. 151: 363-373 and Yoo, B.J. et al. 
1995 J. Virol. 69:32-38 who reported that RNA transcripts 
from cDNA clones of HCV-1 and HCV-N lacking the termi 
nal 98 conserved nucleotides at the very 3' end of the 3'-UTR 
resulted in viral replication after transfection into human 
hematoma cell lines. 

Transcripts of the (-42X) mutant (FIG. 17C) were also 
produced and transfected into achimpanzee and transcripts of 
the other five deletion mutants shown in FIGS. 17D-17G) are 
to be produced and transfected into chimpanzees by the meth 
ods described herein. All transfected animals are to then be 
assayed for viral replication via RT-PCR. 
Discussion 

In two recent reports on transfection of chimpanzees, only 
those clones engineered to have the independently deter 
mined and slightly different consensus amino acid sequence 
of the polypeptide of strain H77 were infectious (Kolykhalov, 
A. A., et al. 1997 Science 277:570-574;Yanagi, M. et al. 1997 
PNAS USA 94:8738-8743). Although the two infectious 
clones differed at four amino acid positions, these differences 
were represented in a major component of the quasispecies of 
the cloning source. In the present study, a single consensus 
sequence of strain HC-J4 could not be defined because the 
consensus sequence obtained by two different approaches 
(direct sequencing and sequencing of cloned products) dif 
fered at 20 amino acid positions, even though the same 
genomic PCR product was analyzed. The infectious clone 
differed at two positions from the composite amino acid 
consensus sequence, from the sequence of the 8 additional 
HC-J4 clones analyzed in this study and from published 
sequences of earlier passage samples. An additional amino 
acid differed from the composite consensus sequence but was 
found in two other HC-J4 clones analyzed in this study. The 
two non-infectious full-length clones of HC-J4 differed from 
the composite consensus sequence by only 7 and 9 amino acid 
differences. However, since these clones had the sametermini 
as the infectious clone (except for a single nucleotide inser 
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tion in the 5' UTR of pCV-J4L4S), one or more of these amino 
acid changes in each clone was apparently deleterious for the 
virus. 

It was also found in the present study that HC-J4, like other 
5 strains of genotype 1b (Kolykhalov, A. A. et al. 1996.J. Virol. 

70:3363-3371; Tanaka, T. et al. 1996. J. Virol. 70:3307-3312: 
Yamada, N. et al. 1996 Virology 223:255-261), had a poly 
U-UC region followed by a terminal conserved element. The 
poly U-UC region appears to vary considerably So it was not 
clear whether changes in this region would have a significant 
effect on virus replication. On the other hand, the 3'98 nucle 
otides of the HCV genome were previously shown to be 
identical among other strains of genotypes 1a and 1b 
(Kolykhalov, A. A. etal. 1996.J. Virol. 70:3363-3371; Tanaka, 
T. et al. 1996. J. Virol. 70:3307-3312). Thus, use of the cas 
sette vector would not alter this region except for addition of 
3 nucleotides found in strain H77 between the poly UC region 
and the 3'98 conserved nucleotides. 

In conclusion, an infectious clone representing a genotype 
1b strain of HCV has been constructed. Thus, it has been 
demonstrated that it was possible to obtain an infectious clone 
of a second strain of HCV. In addition, it has been shown that 
a consensus amino acid sequence was not absolutely required 
for infectivity and that chimeras between the UTRs of two 
different genotypes could be viable. 
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SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 65 

<21 Os SEQ ID NO 1 
&211s LENGTH: 3011 
212s. TYPE: PRT 

<213> ORGANISM: Hepatitis C virus 

<4 OOs SEQUENCE: 1 

Met Ser Thr Asn. Pro Llys Pro Glin Arg Llys Thir Lys Arg Asn 
1. 5 10 

Arg Arg Pro Glin Asp Wall Lys Phe Pro Gly Gly Gly Glin Ile 
2O 25 

Gly Val Tyr Lieu. Lieu Pro Arg Arg Gly Pro Arg Lieu. Gly Val 
35 4 O 45 

Thr Arg Llys Thir Ser Glu Arg Ser Glin Pro Arg Gly Arg Arg 
SO 55 6 O 

Ile Pro Lys Ala Arg Arg Pro Glu Gly Arg Thir Trp Ala Glin 
65 70 7s 

Tyr Pro Trp Pro Leu Tyr Gly Asn Glu Gly Cys Gly Trp Ala 
85 9 O 

Leu Lleu Ser Pro Arg Gly Ser Arg Pro Ser Trp Gly Pro Thr 
1OO 105 110 

Arg Arg Arg Ser Arg Asn Lieu. Gly Llys Val Ile Asp Thir Lieu. 
115 12O 125 

Gly Phe Ala Asp Lieu Met Gly Tyr Ile Pro Lieu Val Gly Ala 
13 O 135 14 O 

Gly Gly Ala Ala Arg Ala Lieu Ala His Gly Val Arg Val Lieu 
145 15 O 155 

Gly Val Asn Tyr Ala Thr Gly Asn Lieu Pro Gly Cys Ser Phe 
1.65 17 O 

Phe Lieu. Lieu Ala Lieu. Lieu. Ser Cys Lieu. Thr Val Pro Ala Ser 
18O 185 190 

Glin Val Arg Asn. Ser Ser Gly Lieu. Tyr His Val Thr Asn Asp 
195 2 OO 2O5 

Asn Ser Ser Ile Val Tyr Glu Ala Ala Asp Ala Ile Lieu. His 
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Thir Asn 
15 

Val Gly 

Arg Ala 

Glin Pro 

Pro Gly 
8O 

Gly Trp 
95 

Asp Pro 

Thr Cys 

Pro Leu 

Glu Asp 
16 O 

Ser Ile 
17s 

Ala Tyr 

Cys Pro 

Thir Pro 



Gly 
225 

Ala 

Glin 

Ser 

Glin 

Asn 
3. OS 

Asp 

Lell 

Trp 

Ala 

Thir 
385 

Gly 

Asn 

Lell 

Ser 

Phe 
465 

Asp 

Wall 

Pro 

Trp 

Pro 
5.45 

Thir 

Asn 

Thir 

Wall 

Thir 
625 

21 O 

Wall 

Luell 

Ala 

Luell 
29 O 

Met 

Luell 

Gly 

Lys 
37 O 

His 

Luell 

Gly 

Asn 

Ser 
450 

Ala 

Glu 

Pro 

Wall 

Gly 
53 O 

Luell 

Thir 

Asp 
610 

Ile 

Wall 

Thir 

Arg 

Luell 

Phe 

Ser 

Met 

Arg 

Wall 
355 

Wall 

Wall 

Luell 

Ser 

Thir 
435 

Gly 

Glin 

Arg 

Ala 

Wall 
515 

Ala 

Gly 

Wall 

Luell 

Ser 
595 

Phe 

Pro 

Pro 

Arg 
26 O 

Thir 

Ile 

Met 

Ile 
34 O 

Luell 

Luell 

Thir 

Thir 

Trp 

Gly 

Gly 

Pro 

Lys 
SOO 

Wall 

Asn 

Asn 

Luell 
58O 

Arg 

Pro 

Cys 

Thir 
245 

His 

Wall 

Phe 

Tyr 

Asn 
3.25 

Pro 

Ala 

Wall 

Gly 

Pro 
4 OS 

His 

Trp 

Pro 

Trp 

Tyr 
485 

Ser 

Gly 

Asp 

Trp 

Gly 
565 

Cys 

Cys 

Tyr 

Wall 

Wall 
23 O 

Wall 

Ile 

Gly 

Ser 

Pro 
310 

Trp 

Glin 

Gly 

Wall 

Gly 
390 

Gly 

Ile 

Lell 

Glu 

Gly 
470 

Wall 

Thir 

Thir 

Phe 
550 

Ala 

Pro 

Gly 

Arg 

Arg 
630 
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215 

Arg 

Ala 

Asp 

Asp 

Pro 
295 

Gly 

Ser 

Ala 

Ile 

Lell 
375 

Asn 

Ala 

Asn 

Ala 

Arg 
45.5 

Pro 

Trp 

Thir 

Asp 
535 

Gly 

Pro 

Thir 

Ser 

Lell 
615 

Met 

Glu 

Thir 

Luell 

Luell 

Arg 

His 

Pro 

Ile 

Ala 
360 

Luell 

Ala 

Ser 

Gly 
44 O 

Luell 

Ile 

His 

Gly 

Asp 

Wall 

Pro 

Asp 

Gly 

Trp 

Gly 

Arg 

Luell 
265 

Arg 

Ile 

Thir 

Met 
345 

Luell 

Gly 

Glin 

Thir 
425 

Luell 

Ala 

Ser 

Pro 
505 

Arg 

Phe 

Thir 

Cys 
585 

Pro 

His 

Wall 

Asn 

Asp 
250 

Wall 

Gly 

His 

Thir 

Ala 
330 

Asp 

Phe 

Phe 

Arg 

Asn 

Ala 

Phe 

Ser 

Pro 
490 

Wall 

Ser 

Wall 

Trp 

Wall 
st O 

Phe 

Trp 

Tyr 

Gly 

Ala 
235 

Gly 

Gly 

Ser 

Trp 

Gly 
315 

Ala 

Met 

Ser 

Ala 

Thir 
395 

Ile 

Luell 

Ala 
47s 

Pro 

Gly 

Luell 

Met 
555 

Ile 

Arg 

Ile 

Pro 

Gly 
635 
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22O 

Ser 

Lys 

Ser 

Wall 

Thir 
3 OO 

His 

Lell 

Ile 

Met 

Gly 

Thir 

Glin 

Asn 

Glin 

Arg 
460 

Asn 

Arg 

Ala 

Asn 
54 O 

Asn 

Gly 

Thir 

Wall 

Arg 

Lell 

Ala 

Phe 
285 

Thir 

Arg 

Wall 

Ala 

Wall 
365 

Wall 

Ala 

Lell 

His 
445 

Arg 

Gly 

Pro 

Phe 

Pro 
525 

Asn 

Ser 

Gly 

His 

Pro 
605 

Thir 

Glu 

Pro 

Thir 
27 O 

Luell 

Glin 

Met 

Wall 

Gly 
35. O 

Gly 

Asp 

Gly 

Ile 

Asn 
43 O 

Luell 

Ser 

Thir 

Thir 

Thir 

Thir 

Wall 

Pro 
59 O 

Arg 

Ile 

His 

Trp 

Thir 
255 

Luell 

Wall 

Asp 

Ala 

Ala 
335 

Ala 

Asn 

Ala 

Luell 

Asn 
415 

Glu 

Phe 

Thir 

Gly 

Gly 
495 

Pro 

Arg 

Gly 

Gly 
sts 

Glu 

Asn 

Arg 

Wall 
24 O 

Thir 

Trp 

Glin 

His 

Trp 

Glu 

Wall 
4 OO 

Thir 

Ser 

Asn 

Asp 

Luell 

Ile 

Ser 

Ser 

Pro 

Phe 
560 

Asn 

Ala 

Met 

Luell 
64 O 

34 
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- Continued 

Glu Ala Ala Cys Asn Trp Thr Arg Gly Glu Arg Cys Asp Lieu. Glu Asp 
645 650 655 

Arg Asp Arg Ser Glu Lieu. Ser Pro Lieu. Lieu. Lieu. Ser Thir Thr Glin Trp 
660 665 67 O 

Glin Val Lieu Pro Cys Ser Phe Thr Thr Lieu Pro Ala Leu Ser Thr Gly 
675 68O 685 

Lieu. Ile His Lieu. His Glin Asn. Ile Val Asp Val Glin Tyr Lieu. Tyr Gly 
69 O. 695 7 OO 

Val Gly Ser Ser Ile Ala Ser Trp Ala Ile Llys Trp Glu Tyr Val Val 
7 Os 71O 71s 72O 

Lieu. Lieu. Phe Lieu Lleu Lleu Ala Asp Ala Arg Val Cys Ser Cys Lieu. Trp 
72 73 O 73 

Met Met Lieu. Lieu. Ile Ser Glin Ala Glu Ala Ala Lieu. Glu Asn Lieu Wall 
740 74. 7 O 

Ile Lieu. Asn Ala Ala Ser Lieu Ala Gly Thr His Gly Lieu Val Ser Phe 
7ss 760 765 

Lieu Val Phe Phe Cys Phe Ala Trp Tyr Lieu Lys Gly Arg Trp Val Pro 
770 775 78O 

Gly Ala Val Tyr Ala Lieu. Tyr Gly Met Trp Pro Lieu. Lieu. Lieu. Lieu. Lieu. 
78s 79 O 79. 8OO 

Lieu Ala Lieu Pro Glin Arg Ala Tyr Ala Lieu. Asp Thr Glu Val Ala Ala 
805 810 815 

Ser Cys Gly Gly Val Val Lieu Val Gly Lieu Met Ala Lieu. Thir Lieu. Ser 
82O 825 83 O 

Pro Tyr Tyr Lys Arg Tyr Ile Ser Trp Cys Met Trp Trp Leu Gln Tyr 
835 84 O 845 

Phe Lieu. Thr Arg Val Glu Ala Glin Lieu. His Val Trp Val Pro Pro Leu 
850 855 860 

Asn Val Arg Gly Gly Arg Asp Ala Val Ile Lieu Lleu Met Cys Val Val 
865 87O 87s 88O 

His Pro Thr Lieu Val Phe Asp Ile Thr Lys Lieu Lleu Lleu Ala Ile Phe 
885 890 895 

Gly Pro Lieu. Trp Ile Lieu. Glin Ala Ser Lieu. Lieu Lys Val Pro Tyr Phe 
9 OO 905 91 O 

Val Arg Val Glin Gly Lieu. Lieu. Arg Ile Cys Ala Lieu Ala Arg Lys Ile 
915 92 O 925 

Ala Gly Gly His Tyr Val Glin Met Ala Ile Ile Llys Lieu. Gly Ala Lieu 
93 O 935 94 O 

Thr Gly Thr Tyr Val Tyr Asn His Lieu. Thr Pro Leu Arg Asp Trp Ala 
945 950 955 96.O 

His Asn Gly Lieu. Arg Asp Lieu Ala Val Ala Val Glu Pro Val Val Phe 
965 97O 97. 

Ser Arg Met Glu Thir Lys Lieu. Ile Thir Trp Gly Ala Asp Thir Ala Ala 
98O 985 99 O 

Cys Gly Asp Ile Ile Asn Gly Lieu Pro Val Ser Ala Arg Arg Gly Glin 
995 1 OOO 1005 

Glu Ile Lieu. Lieu. Gly Pro Ala Asp Gly Met Val Ser Lys Gly Trp Arg 
1010 1015 102O 

Lieu. Lieu Ala Pro Ile Thr Ala Tyr Ala Glin Glin Thr Arg Gly Lieu. Lieu. 
1025 1O3O 1035 104 O 

Gly Cys Ile Ile Thir Ser Lieu. Thr Gly Arg Asp Lys Asn Glin Val Glu 
1045 1 OSO 105.5 
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Gly Glu Val Glin Ile Val Ser Thr Ala 
1060 1065 

Cys Ile Asin Gly Val Cys Trp Thr Val 
1075 108 O 

Thir Ile Ala Ser Pro Lys Gly Pro Val 
109 O 1095 

Asp Glin Asp Lieu Val Gly Trp Pro Ala 
1105 1110 

Thr Pro Cys Thr Cys Gly Ser Ser Asp 
1125 

Ala Asp Val Ile Pro Val Arg Arg Arg 
114 O 1145 

Lieu. Ser Pro Arg Pro Ile Ser Tyr Lieu 
1155 116 O 

Lieu. Lieu. Cys Pro Ala Gly His Ala Val 
117 O 1175 

Cys Thr Arg Gly Val Ala Lys Ala Val 
1185 11.90 

Lieu. Gly. Thir Thr Met Arg Ser Pro Val 
12O5 

Pro Ala Wall Pro Glin Ser Phe Glin Wall 
122 O 1225 

Gly Ser Gly Lys Ser Thr Lys Val Pro 
1235 124 O 

Tyr Llys Val Lieu Val Lieu. Asn Pro Ser 
125 O 1255 

Gly Ala Tyr Met Ser Lys Ala His Gly 
1265 1270 

Gly Val Arg Thr Ile Thr Thr Gly Ser 
1285 

Gly Llys Phe Lieu Ala Asp Gly Gly Cys 
13 OO 1305 

Ile Ile Cys Asp Glu. Cys His Ser Thr 
1315 132O 

Ile Gly Thr Val Lieu. Asp Glin Ala Glu 
133 O 1335 

Val Lieu Ala Thr Ala Thr Pro Pro Gly 
1345 1350 

ASn Ile Glu Glu Wall Ala Lieu. Ser Thr 
1365 

Gly Lys Ala Ile Pro Lieu. Glu Val Ile 
1380 1385 

Phe Cys His Ser Llys Llys Lys Cys Asp 
1395 14 OO 

Ala Lieu. Gly Ile Asn Ala Val Ala Tyr 
1410 1415 

Val Ile Pro Thr Ser Gly Asp Val Val 
1425 1430 

Met Thr Gly Phe Thr Gly Asp Phe Asp 
1445 

Cys Val Thr Glin Thr Val Asp Phe Ser 
1460 1465 

Glu Thir Thr Thr Lieu Pro Glin Asp Ala 
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- Contin 

Thr Glin. Thir Phe Lieu. 
1. Of O 

Tyr His Gly Ala Gly 
1085 

Ile Gln Met Tyr Thr 
11 OO 

Pro Glin Gly Ser Arg 
1115 

Leu Tyr Lieu Val Thr 
1130 

Gly Asp Ser Arg Gly 
115 O 

Lys Gly Ser Ser Gly 
1165 

Gly Lieu. Phe Arg Ala 
118O 

Asp Phe Ile Pro Val 
11.95 

Phe Thr Asp Asn Ser 
1210 

Ala His Lieu. His Ala 
123 O 

Ala Ala Tyr Ala Ala 
1245 

Wall Ala Ala Thir Lieu. 
1260 

Val Asp Pro Asn. Ile 
1275 

Pro Ile Thr Tyr Ser 
1290 

Ser Gly Gly Ala Tyr 
131 O 

Asp Ala Thir Ser Ile 
1325 

Thir Ala Gly Ala Arg 
134 O 

Ser Wall. Thir Wal Ser 
1355 

Thr Gly Glu Ile Pro 
1370 

Lys Gly Gly Arg His 
139 O 

Glu Lieu Ala Ala Lys 
14 Os 

Tyr Arg Gly Lieu. Asp 
142O 

Val Val Ser Thr Asp 
1435 

Ser Val Ile Asp Cys 
1450 

Lieu. Asp Pro Thr Phe 
147 O 

Val Ser Arg Thr Glin 

lued 

Ala Thr 

Thr Arg 

Asn. Wall 

Ser Luell 
112O 

Arg His 
1135 

Ser Luell 

Gly Pro 

Ala Wall 

Glu Asn 
12 OO 

Ser Pro 
1215 

Pro Thir 

Gln Gly 

Gly Phe 

Arg Thr 
128O 

Thr Tyr 
1295 

Asp Ile 

Lieu. Gly 

Lieu Wall 

His Pro 
1360 

Phe Tyr 
1375 

Lieu. Ile 

Lieu Wall 

Wall Ser 

Ala Lieu 
144 O 

Asn. Thir 
1455 

Thir Ile 

Arg Arg 
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1475 

Gly Arg Thr Gly Arg 
1490 

Gly Glu Arg Pro Ser 
1505 

Tyr Asp Ala Gly Cys 
1525 

Val Arg Lieu. Arg Ala 
1540 

Asp His Lieu. Glu Phe 
1555 

Asp Ala His Phe Lieu. 
1570 

Tyr Lieu Val Ala Tyr 
1585 

Pro Pro Ser Trp Asp 
1605 

Thr Lieu. His Gly Pro 
162O 

ASn Glu Wall. Thir Lieu. 
1635 

Met Ser Ala Asp Lieu. 
1650 

Gly Val Lieu. Ala Ala 
1665 

Val Ile Val Gly Arg 
1685 

Asp Arg Glu Val Lieu. 
17OO 

Gln His Leu Pro Tyr 
1715 

Lys Glin Lys Ala Lieu 
1730 

Wall Ile Thr Pro Ala 
1745 

Trp Ala Lys His Met 
1765 

Gly Lieu. Ser Thr Lieu. 
1780 

Phe Thir Ala Ala Wall 
1795 

Phe Asn. Ile Lieu. Gly 
1810 

Ala Ala Thir Ala Phe 
1825 

Ser Val Gly Lieu. Gly 
1845 

Ala Gly Val Ala Gly 
1860 

Wall Pro Ser Thr Glu 
1875 

Pro Gly Ala Lieu Val 
1890 
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1485 

Gly Lys Pro Gly Ile Tyr Arg Phe Val Ala Pro 
1495 

Gly Met Phe Asp Ser 
1510 

Ala Trp Tyr Glu Lieu. 
1530 

Tyr Met Asn Thr Pro 
1545 

Trp. Glu Gly Val Phe 
1560 

Ser 
1515 

Thir 

Gly 

Thir 

15 OO 

Val Lieu. Cys Glu. Cys 
152O 

Pro Ala Glu. Thir Thr 
1535 

Lieu Pro Val Cys Glin 
155 O 

Gly Lieu. Thir His Ile 
1565 

Ser Glin Thr Lys Glin Ser Gly Glu Asn Phe Pro 
1575 158O 

Glin Ala Thr Val Cys Ala Arg Ala Glin Ala Pro 
1590 

Gln Met Trp Llys Cys 
1610 

Thr Pro Leu Lleu Tyr 
1625 

Thir His Pro Ile Thr 
164 O 

1595 

Luell 

Arg 

Lys 

16 OO 

Ile Arg Lieu Lys Pro 
1615 

Lieu. Gly Ala Val Glin 
163 O 

Tyr Ile Met Thr Cys 
1645 

Glu Val Val Thr Ser Thr Trp Val Lieu Val Gly 
1655 

Lieu. Ala Ala Tyr Cys 
1670 

Ile Val Lieu. Ser Gly 
1690 

Tyr Glin Glu Phe Asp 
1705 

Ile Glu Gln Gly Met 
1720 

Luell 
1675 

Lys 

Glu 

Met 

1660 

Ser Thr Gly Cys Val 
168O 

Pro Ala Ile Ile Pro 
1695 

Met Glu Glu. Cys Ser 
171 O 

Lieu Ala Glu Glin Phe 
1725 

Gly Lieu. Lieu. Glin Thr Ala Ser Arg His Ala Glu 
1735 

Val Glin Thr Asn Trp 
1750 

Trp Asn Phe Ile Ser 
1770 

Pro Gly Asn Pro Ala 
1785 

Thir Ser Pro Lieu. Thir 
18OO 

Glin 
17s. 

Gly 

Ile 

Thir 

1740 

Llys Lieu. Glu Val Phe 
1760 

Ile Glin Tyr Lieu Ala 
1775 

Ala Ser Lieu Met Ala 
179 O 

Gly Glin Thir Lieu. Lieu. 
1805 

Gly Trp Val Ala Ala Glin Lieu Ala Ala Pro Gly 
1815 

Val Gly Ala Gly Lieu. 
1830 

Llys Val Lieu Val Asp 
1850 

Ala Lieu Wall Ala Phe 
1865 

Asp Lieu Val Asn Lieu. 
188O 

Val Gly Val Val Cys 
1895 

Ala 
1835 

Ile 

Lys 

Luell 

Ala 

182O 

Gly Ala Ala Ile Gly 
1840 

Lieu Ala Gly Tyr Gly 
1855 

Ile Met Ser Gly Glu 
187 O 

Pro Ala Ile Lieu. Ser 
1885 

Ala Ile Lieu. Arg Arg 
19 OO 

40 



His Val Gly 
1905 

Ala Phe Ala 

Glu Ser Asp 

Wall Thr Glin 
1955 

Thir Thr Pro 
1970 

Cys Glu Val 
1985 

Pro Glin Lieu. 

Gly Val Trp 

Ala Glu Ile 
2O35 

Pro Arg Thr 
2 OSO 

Tyr Thr Thr 
2O65 

Ala Lieu. Trp 

Gly Asp Phe 

Pro Cys Glin 
2115 

Arg Lieu. His 
213 O 

Wall Ser Phe 
2145 

Pro Cys Glu 

Asp Pro Ser 

Gly Ser Pro 
21.95 

Pro Ser Luell 
221 O 

Glu Lieu. Ile 
2225 

Ile Thr Arg 

Asp Pro Lieu. 

Glu Ile Lieu. 
2275 

Ala Arg Pro 
229 O 

Asp Tyr Glu 
2305 
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Pro Gly Glu Gly Ala 
1910 

Ser Arg Gly Asn His 
1925 

Ala Ala Ala Arg Val 
1940 

Lieu. Lieu. Arg Arg Lieu 
1960 

Cys Ser Gly Ser Trp 
1975 

Lieu. Ser Asp Phe Lys 
1990 

Pro Gly Ile Pro Phe 
2005 

Arg Gly Asp Gly Ile 
2O2O 

Thr Gly His Val Lys 
2O4. O 

Cys Arg Asn Met Trip 
2O55 

Gly Pro Cys Thr Pro 
2070 

Arg Val Ser Ala Glu 
2O85 

His Tyr Val Ser Gly 
21OO 

Ile Pro Ser Pro Glu 
212 O 

Arg Phe Ala Pro Pro 
2135 

Arg Val Gly Lieu. His 
2150 

Pro Glu Pro Asp Val 
21 65 

His Ile Thir Ala Glu. 
218O 

Pro Ser Met Aa. Ser 
22 OO 

Lys Ala Thr Cys Thr 
2215 

Glu Ala Asn Lieu. Lieu 
223 O 

Wall Glu Ser Glu Asn 
22:45 

Val Ala Glu Glu Asp 
226 O 

Arg Llys Ser Arg Arg 
228O 

Asp Tyr Asn Pro Pro 
2295 

Pro Pro Wal Wal His 
2310 

Val Glin Trp 
1915 

Wall Ser Pro 
1930 

Thir Ala Ile 
1945 

His Glin Trp 

Lieu. Arg Asp 

Thir Trp Leu 
1995 

Val Ser Cys 
2010 

Met His Thir 
2O25 

Asin Gly Thr 

Ser Gly Thr 

Lieu Pro Ala 

Glu Tyr Val 
2 O90 

Met Thir Thir 
2105 

Phe Phe Thr 

Cys Llys Pro 

Glu Tyr Pro 
215.5 

Ala Wall Lieu. 
21.70 

Ala Ala Gly 
21.85 

Ser Ser Ala 

Ala Asn His 

Trp Arg Glin 
2235 

Llys Val Val 
2250 

Glu Arg Glu 
2265 

Phe Ala Arg 

Lieu Wall Glu 

Gly Cys Pro 
2315 
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Met Asn Arg Lieu. Ile 
1920 

Thr His Tyr Val Pro 
1935 

Leu Ser Ser Lieu. Thir 
195O 

Ile Ser Ser Glu. Cys 
1965 

Ile Trp Asp Trp Ile 
198O 

Lys Ala Lys Lieu Met 
2 OOO 

Glin Arg Gly Tyr Arg 
2015 

Arg Cys His Cys Gly 
2O3O 

Met Arg Ile Val Gly 
2O45 

Phe Pro Ile Asn Ala 
2O60 

Pro Asn Tyr Llys Phe 
2O8O 

Glu Ile Arg Arg Val 
2095 

Asp Asn Lieu Lys Cys 
211 O 

Glu Lieu. Asp Gly Val 
2125 

Lieu. Lieu. Arg Glu Glu 
214 O 

Val Gly Ser Glin Lieu. 
216 O 

Thir Ser Met Lieu. Thir 
21.75 

Arg Arg Lieu Ala Arg 
219 O 

Ser Glin Lieu. Ser Ala 
22 Os 

Asp Ser Pro Asp Ala 
222O 

Glu Met Gly Gly Asn 
224 O 

Ile Lieu. Asp Ser Phe 
2255 

Wall Ser Wall Pro Ala 
227 O 

Ala Lieu Pro Val Trp 
2285 

Thir Trp Llys Llys Pro 
23 OO 

Lieu Pro Pro Pro Arg 
232O 
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Ser Pro Pro Wall Pro 
2325 

Glu Ser Thir Lieu. Ser 
234 O 

Gly Ser Ser Ser Thr 
2355 

Ser Glu Pro Ala Pro 
2370 

Tyr Ser Ser Met Pro 
23.85 

Ser Asp Gly Ser Trp 
24 O5 

Val Val Cys Cys Ser 
242 O 

Pro Cys Ala Ala Glu 
2435 

Ser Lieu. Lieu. Arg His 
245 O 

Ala Cys Glin Arg Glin 
2465 

Asp Ser His Tyr Glin 
2485 

Llys Val Lys Ala Asn 
2500 

Pro Pro His Ser Ala 
25.15 

Arg Cys His Ala Arg 
25.30 

Asp Lieu. Lieu. Glu Asp 
25.45 

Lys Asn. Glu Val Phe 
25.65 

Ala Arg Lieu. Ile Val 
2580 

Met Ala Lieu. Tyr Asp 
2595 

43 
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Pro Pro Arg Llys Lys Arg Thr Val Val Lieu. Thr 
233 O 2335 

Thir Ala Lieu Ala Glu Lieu Ala Thr Lys Ser Phe 

Ser Gly Ile 

Ser 

Pro 
23.90 

Ser 

Met 

Glu 

His 

Lys 
2470 

Asp 

Lell 

Lys 

Lys 

Ser 
2550 

Cys 

Phe 

Wall 

Gly 
2375 

Lell 

Thir 

Ser 

Glin 

Asn 
245.5 

Lys 

Wall 

Lell 

Ser 

Ala 
25.35 

Wall 

Wall 

Pro 

Wall 

Ser Ser Tyr Gly Phe Glin Tyr 
261 O 

Val Glin Ala Trp Llys 
262s 

Thr Arg Cys Phe Asp 
2645 

Glu Ala Ile Tyr Glin 
266 O 

Ile Llys Ser Lieu. Thr 
2675 

Ser Arg Gly Glu Asn 
269 O 

Ser 
263 O 

Ser 

Cys 

Glu 

Cys 

2615 

Lys 

Thir 

Cys 

Arg 

Gly 
2695 

Lieu. Thir Thr Ser Cys Gly Asn 
2705 2710 

Ala Ala Cys Arg Ala Ala Gly 
2725 

Gly Asp Asp Lieu Val Val Ile 

2360 

Cys 

Glu 

Wall 

Tyr 

Lys 
244 O 

Luell 

Wall 

Luell 

Ser 

Lys 
252O 

Wall 

Thir 

Glin 

Asp 

Ser 
26 OO 

Ser 

Lys 

Wall 

Asp 

Luell 
268O 

Tyr 

Thir 

Luell 

Cys 

2345 

Thr Gly Asp Asn Thr 
23.65 

Pro Pro Asp Ser Asp 
238O 

Gly Glu Pro Gly Asp 
23.95 

Ser Ser Gly Ala Asp 
2410 

Ser Trp Thr Gly Ala 
24.25 

Lieu Pro Ile Asn Ala 
2445 

Val Tyr Ser Thr Thr 
24 6 O 

Thir Phe Asp Arg Lieu 
24.75 

Lys Glu Wall Lys Ala 
2490 

Val Glu Glu Ala Cys 
2505 

Phe Gly Tyr Gly Ala 
2525 

Ala His Ile Asn. Ser 
254 O 

Pro Ile Asp Thr Thr 
2555 

Pro Glu Lys Gly Gly 
2570 

Lieu. Gly Val Arg Val 
2585 

Llys Lieu Pro Lieu Ala 
26 OS 

Pro Gly Glin Arg Val 
262O 

Thr Pro Met Gly Phe 
2635 

Thr Glu Ser Asp Ile 
26.50 

Lieu. Asp Pro Glin Ala 
2665 

Tyr Val Gly Gly Pro 
2685 

Arg Arg Cys Arg Ala 
27 OO 

Lieu. Thir Cys Tyr Ile 
2715 

Glin Asp Cys Thr Met 
273 O 

Glu Ser Ala Gly Val 

235 O 

Thir Thir Ser 

Wall Glu Ser 

Pro Asp Lieu. 
24 OO 

Thr Glu Asp 
24.15 

Lieu. Wall Thr 
243 O 

Luell Ser Asn 

Ser Arg Ser 

Glin Wall Lieu. 
248O 

Ala Ala Ser 
2495 

Ser Lieu. Thir 
251 O 

Lys Asp Wall 

Val Trp Llys 

Ile Met Ala 
2560 

Arg Llys Pro 
27s 

Cys Glu Lys 
259 O 

Val Met Gly 

Glu Phe Lieu. 

Ser Tyr Asp 
264 O 

Arg Thr Glu 
2655 

Arg Val Ala 
267 O 

Lieu. Thir Asn 

Ser Gly Val 

Lys Ala Arg 
272O 

Lieu Val Cys 
2735 

Glin Glu Asp 

44 



274 O 

45 

2 

Ala Ala Ser Lieu. Arg Ala Phe Thr 
27s 276 O 

Pro Pro Gly Asp Pro Pro Gln Pro 
2770 2775 

Ser Cys Ser Ser Asn Val Ser Val 
2785 2790 

Val Tyr Tyr Lieu. Thr Arg Asp Pro 
28 OS 

74. 

Glu Ala Met 
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275 O 

Thr Arg Tyr 
2765 

Ser Ala 

Glu Tyr Asp Lieu. Glu Lieu. Ile Thr 

Ala His Asp 
2.79s 

Thir Thr Pro 
2810 

2780 

Gly Ala Gly 

Lieu Ala Arg 

Trp. Glu Thir Ala Arg His Thr Pro Val Asin Ser Trp Lieu. Gly 
282O 2 

Ile Met Phe Ala Pro Thr Lieu. Trp 
2835 

Phe Phe Ser Wall Lieu. Ile Ala 
285 O 

284 O 

2855 

825 

Ala Arg Met 

283 O 

Ile Leu Met 
284.5 

Arg Asp Gln Lieu. Glu Glin Ala 
286O 

Cys Glu Ile Tyr Gly Ala Cys Tyr Ser Ile Glu Pro Lieu. Asp 
2865 2870 

Pro Ile Ile Glin Arg Lieu. His Gly 
2.885 

Tyr Ser Pro Gly Glu Ile Asn Arg 
29 OO 2 

Gly Val Pro Pro Lieu. Arg Ala Trp 
291.5 292 O 

2875 

Lieu. Ser Ala 
2890 

Wall Ala Ala 
905 

Arg His Arg 

Phe Ser Lieu. 

Cys Lieu. Arg 
291. O 

Ala Arg Ser 
2925 

Ala Arg Lieu. Lieu. Ser Arg Gly Gly Arg Ala Ala Ile Cys Gly 
293 O 2935 

Lieu. Phe Asn Trp Ala Val Arg Thr 
29.45 295.0 

Ala Ala Gly Arg Lieu. Asp Lieu. Ser 
29 65 

Gly Gly Asp Ile Tyr His Ser Val 
298O 2 

Trp Phe Cys Lieu Lleu Lleu Lieu Ala 
2995 

Pro Asn Arg 
3 O1 O 

<210s, SEQ ID NO 2 
&211s LENGTH: 9599 
&212s. TYPE: DNA 

3 OOO 

Llys Lieu Lys 
2955 

Gly Trp Phe 
2970 

Ser His Ala 
985 

Ala Gly Val 

<213> ORGANISM; Hepatitis C virus 

<4 OOs, SEQUENCE: 2 

gccago Cc cc tatgggggc 

tott cacgca gaaag.cgt.ct 

CCCC cct c cc gggaga.gc.ca 

gacgaccggg toctitt Cttg 

gcaa.gactgc tagcc.gagta 

citcaaagaaa aaccaaacgt. 

gcggtcagat cqttggtgga 

gcgcgacgag galagacitt CC 

gacacticcac 

agc catggcg 

tagtggtctg 

gataalaccc.g 

gtgttgggtc 

aggtotcgta 

a Caccala CC 

gtt tacttgt 

gag.cggtc.gc 

catgaat cac 

ttagt atgag 

cggalaccggit 

citcaatgcct 

gcgaaaggcc 

gaccgtgcac 

gtc.gc.ccaca 

alacct Cagg 

294 O 

Lieu. Thir Pro 

Thr Ala Gly 

Arg Pro Arg 
299 O 

Gly Ile Tyr 
3 O OS 

tcc cctdtga 

tgtcgtgcag 

gagtacaccg 

ggagatttgg 

ttgttgg tact 

Catgagcacg 

ggacgtcaag 

gggcc ct aga 

tagacgt cag 

Lys Arg 
28OO 

Ala Ala 
2815 

ASn Ile 

Thir His 

Luell Asn 

Leul Pro 
288O 

His Ser 
2.895 

Llys Lieu. 

Val Arg 

Llys Tyr 

Ile Ala 
2960 

Tyr Ser 
297 

Trp Phe 

Lieu. Luell 

ggalactactg 

cct coaggac 

gaattgc.ca.g 

gcgtgcc.ccc 

gcctatagg 

aat CCtaaac 

titc.ccgggtg 

ttgggtgtgc 

CCt at CCCCa 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

46 











Gly 

Thir 

Ile 
65 

Lell 

Arg 

Gly 

Gly 
145 

Gly 

Phe 

Glu 

Asn 

Gly 
225 

Ala 

Thir 

Ser 

Glin 

Asn 
3. OS 

Asp 

Lell 

Trp 

Ala 

Thir 
385 

Ser 

Asn 

Lell 

Ser 

Wall 

Arg 
SO 

Pro 

Pro 

Luell 

Arg 

Phe 
13 O 

Gly 

Wall 

Luell 

Wall 

Ser 
21 O 

Cys 

Luell 

Ile 

Ala 

Luell 
29 O 

Met 

Luell 

Gly 

Lys 
37 O 

His 

Luell 

Gly 

Glin 

Ser 

Tyr 
35 

Trp 

Ser 

Arg 
115 

Ala 

Ala 

Asn 

Luell 

Arg 
195 

Ser 

Wall 

Thir 

Arg 

Met 

Phe 

Ser 

Met 

Arg 

Wall 
355 

Wall 

Thir 

Phe 

Ser 

Thir 
435 

Gly 

Luell 

Ala 

Ala 

Pro 

Pro 

Ser 

Asp 

Ala 

Tyr 

Ala 
18O 

Asn 

Ile 

Pro 

Pro 

Arg 
26 O 

Thir 

Ile 

Met 

Ile 
34 O 

Luell 

Luell 

Thir 

Ser 

Trp 

Gly 

Lell 

Ser 

Arg 

Lell 
85 

Arg 

Arg 

Lell 

Arg 

Ala 
1.65 

Lell 

Wall 

Wall 

Thir 
245 

His 

Wall 

Phe 

Tyr 

Asn 
3.25 

Pro 

Ala 

Ile 

Gly 

Ser 
4 OS 

His 

Phe 

Pro 

Pro 

Glu 

Arg 
70 

Tyr 

Gly 

Asn 

Met 

Ala 
150 

Thir 

Lell 

Ser 

Wall 
23 O 

Lell 

Wall 

Gly 

Ser 

Pro 
310 

Trp 

Glin 

Gly 

Wall 

Arg 
390 

Gly 

Ile 

Phe 

Glu 

55 

Arg 

Arg 
55 

Pro 

Gly 

Ser 

Lell 

Gly 
135 

Lell 

Gly 

Ser 

Gly 

Glu 
215 

Glin 

Ala 

Asp 

Asp 

Pro 
295 

Gly 

Ser 

Ala 

Lell 

Ala 
375 

Wall 

Ala 

Asn 

Ala 

Arg 

Arg 
4 O 

Ser 

Glu 

Asn 

Arg 

Gly 
12 O 

Ala 

Asn 

Ile 

Ala 

Glu 

Ala 

Luell 

Luell 

Arg 

His 

Pro 

Wall 

Ala 
360 

Luell 

Ala 

Ser 

Arg 

Ala 
44 O 

Met 

Gly 

Glin 

Gly 

Glu 

Pro 
105 

Lys 

Ile 

His 

Luell 

Luell 
185 

Ala 

Gly 

Arg 

Luell 
265 

Arg 

Wall 

Thir 

Wall 
345 

Luell 

Gly 

Glin 

Thir 
425 

Luell 

Ala 

Pro 

Pro 

Arg 

Gly 
90 

Ser 

Wall 

Pro 

Gly 

Pro 
17O 

Thir 

His 

Asp 

Asn 

Asn 
250 

Wall 

Gly 

His 

Ser 

Thir 
330 

Asp 

Tyr 

Phe 

His 

Lys 

Ala 

Phe 

Ser 

Arg 

Arg 

Ala 

Luell 

Trp 

Ile 

Luell 

Wall 
155 

Gly 

Ile 

Wall 

Wall 

Ser 
235 

Ala 

Gly 

Ser 

Glu 

Gly 
315 

Ala 

Met 

Ser 

Ala 

Thir 
395 

Ile 

Luell 

Cys 

US 7,846,454 B2 

- Continued 

Lieu. Gly Val Arg 

Gly 
60 

Trp 

Gly 

Gly 

Asp 

Wall 
14 O 

Arg 

Pro 

Thir 

Ile 

Ser 

Ser 

Thir 

Ile 

Thir 
3 OO 

His 

Lell 

Wall 

Met 

Gly 

Thir 

Glin 

Asn 

Ala 

Arg 

45 

Arg 

Ala 

Trp 

Pro 

Thir 
125 

Gly 

Wall 

Ser 

Ala 

Asn 

Met 

Arg 

Wall 

Ala 

Phe 
285 

Wall 

Arg 

Wall 

Ala 

Wall 
365 

Wall 

Ser 

Lell 

His 
445 

Pro 

Arg 

Glin 

Ala 

Thir 
11 O 

Luell 

Ala 

Luell 

Phe 

Ser 
19 O 

Asp 

His 

Pro 

Ala 
27 O 

Luell 

Glin 

Met 

Wall 

Gly 
35. O 

Gly 

Asp 

Gly 

Wall 

Asn 
43 O 

Ile 

Glin 

Pro 

Gly 
95 

Asp 

Thir 

Pro 

Glu 

Ser 
17s 

Ala 

Thir 

Trp 

Thir 
255 

Phe 

Wall 

Asp 

Ala 

Ser 
335 

Ala 

Asn 

Gly 

Phe 

Asn 
415 

Asp 

Phe 

Asp 

Ala 

Pro 

Gly 

Trp 

Pro 

Luell 

Asp 
160 

Ile 

Ser 

Pro 

Wall 
24 O 

Thir 

Ser 

Trp 

Glin 

His 

Trp 

Glu 

Thir 
4 OO 

Thir 

Ser 

Asn 

Trp 

56 



Phe 
465 

Asp 

Wall 

Pro 

Trp 

Pro 
5.45 

Thir 

Arg 

Thir 

Wall 

Ser 
625 

Asn 

Arg 

Glin 

Lell 

Wall 
7 Os 

Lell 

Met 

Wall 

Lell 

Gly 

Lell 

Ser 

Pro 

Phe 

Asn 
865 

450 

Ala 

Glin 

Pro 

Wall 

Gly 
53 O 

Glin 

Thir 

Asp 
610 

Ile 

Ala 

Asp 

Ile 

Ile 
69 O. 

Gly 

Luell 

Met 

Luell 

Wall 
770 

Ala 

Ala 

Ile 
850 

Wall 

Glin 

Arg 

Ala 

Wall 
515 

Glu 

Gly 

Thir 

Luell 

Thir 
595 

Phe 

Ala 

Arg 

Luell 
675 

His 

Ser 

Phe 

Luell 

Asn 

Phe 

Ala 

Luell 

Gly 

Tyr 
835 

Thir 

Arg 

Gly 

Pro 

Ser 
SOO 

Wall 

Asn 

Asn 

Ile 
58O 

Pro 

Ser 
660 

Pro 

Luell 

Ala 

Luell 

Luell 
740 

Ala 

Phe 

Pro 

Gly 

Arg 

Gly 

Trp 

Tyr 
485 

Glin 

Gly 

Glu 

Trp 

Gly 
565 

Cys 

Cys 

Tyr 

Wall 

Asn 
645 

Glu 

His 

Phe 

Lell 
72 

Ile 

Ala 

Ala 

Pro 
805 

Ala 

Wall 

Ala 

Gly 

Gly 
470 

Wall 

Thir 

Thir 

Phe 
550 

Gly 

Pro 

Gly 

Arg 

Arg 
630 

Trp 

Lell 

Ala 

Glin 

Wall 

Lell 

Ala 

Ser 

Ala 

Phe 
79 O 

Arg 

Wall 

Phe 

Glu 

Arg 
87O 

57 

45.5 

Pro 

Trp 

Thir 

Asp 
535 

Gly 

Pro 

Thir 

Ser 

Lell 
615 

Met 

Thir 

Ser 

Phe 

Asn 
695 

Ser 

Ala 

Glin 

Wall 

Ala 
775 

Ala 

Lell 

Lell 

Ala 
855 

Asp 

Ile 

His 

Gly 

Asp 

Wall 

Pro 

Asp 

Gly 

Trp 

Arg 

Pro 

Thir 

Ile 

Phe 

Asp 

Ala 

Ala 
760 

Trp 

Gly 

Wall 

Thir 
84 O 

His 

Ala 

Thir 

Pro 
505 

Arg 

Met 

Thir 

Cys 
585 

Pro 

His 

Wall 

Gly 

Luell 
665 

Thir 

Wall 

Ala 

Ala 

Glu 
74. 

Gly 

Wall 

Ala 

Gly 
825 

Arg 

Met 

Ile 

Tyr 

Ala 
490 

Wall 

Ser 

Luell 

Trp 

Asn 
st O 

Phe 

Trp 

Gly 

Glu 
650 

Luell 

Luell 

Asp 

Ile 

Arg 
73 O 

Ala 

Ala 

Ile 

Trp 

Luell 
810 

Luell 

Luell 

Glin 

Ile 

Thir 
47s 

Pro 

Gly 

Luell 

Met 
555 

Ile 

Arg 

Luell 

Pro 

Gly 
635 

Arg 

Luell 

Pro 

Wall 

Lys 

Wall 

Ala 

His 

Pro 
79. 

Asp 

Wall 

Ile 

Wall 

Luell 
87s 
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460 

Lys 

Arg 

Wall 

Asn 
54 O 

Asn 

Gly 

Thir 

Cys 
62O 

Wall 

Ser 

Ala 

Glin 
7 OO 

Trp 

Lell 

Gly 

Gly 

Lell 

Arg 

Phe 

Trp 

Trp 
860 

Lell 

Pro 

Pro 

Phe 

Pro 
525 

Asn 

Ser 

Gly 

His 

Pro 
605 

Thir 

Glu 

Asn 

Thir 

Lell 
685 

Glu 

Ala 

Glu 

Ile 
765 

Arg 

Lell 

Glu 

Lell 

Trp 
845 

Wall 

Thir 

Asn 

Thir 

Thir 

Thir 

Thir 

Wall 

Pro 
59 O 

Arg 

Luell 

His 

Luell 

Thir 
67 O 

Ser 

Luell 

Tyr 

Asn 
7 O 

Luell 

Luell 

Luell 

Met 

Thir 
83 O 

Luell 

Pro 

Ser 

Gly 
495 

Pro 

Arg 

Gly 

Gly 
sts 

Glu 

Asn 

Arg 

Glu 
655 

Glu 

Thir 

Tyr 

Ile 

Luell 
73 

Luell 

Ser 

Ala 

Luell 

Ala 
815 

Luell 

Glin 

Pro 

Ala 

Ser 

Wall 

Ser 

Ser 

Pro 

Phe 
560 

Asn 

Ala 

Luell 

Phe 

Luell 
64 O 

Asp 

Trp 

Gly 

Gly 

Luell 

Trp 

Wall 

Phe 

Pro 

Luell 

Ala 

Ser 

Tyr 

Luell 

Wall 
88O 

58 
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His Pro Glu Lieu. Ile Phe Asp Ile Thir Lys Lieu Lleu Lieu Ala Ile Lieu. 
885 890 895 

Gly Pro Leu Met Val Lieu. Glin Ala Gly Ile Thr Arg Val Pro Tyr Phe 
9 OO 905 91 O 

Val Arg Ala Glin Gly Lieu. Ile Arg Ala Cys Met Lieu Val Arg Llys Val 
915 92 O 925 

Ala Gly Gly His Tyr Val Gln Met Val Phe Met Lys Lieu. Gly Ala Leu 
93 O 935 94 O 

Thr Gly Thr Tyr Val Tyr Asn His Lieu. Thr Pro Leu Arg Asp Trp Ala 
945 950 955 96.O 

His Ala Gly Lieu. Arg Asp Lieu Ala Val Ala Val Glu Pro Val Val Phe 
965 97O 97. 

Ser Ala Met Glu Thir Lys Val Ile Thir Trp Gly Ala Asp Thir Ala Ala 
98O 985 99 O 

Cys Gly Asp Ile Ile Lieu. Gly Lieu Pro Val Ser Ala Arg Arg Gly Lys 
995 1 OOO 1005 

Glu I 
10 

e Phe Lieu. Gly Pro Ala Asp Ser Lieu. Glu Gly Glin Gly Trp Arg 
1015 102O O 

Lieu. Lieu Ala Pro Ile Thr Ala Tyr Ser Glin Glin Thr Arg Gly Val Lieu. 
1025 1O3O 1035 104 O 

Gly Cys Ile Ile Thir Ser Lieu. Thr Gly Arg Asp Lys Asn Glin Val Glu 
1045 1 OSO 105.5 

Gly Glu Val Glin Val Val Ser Thr Ala Thr Glin Ser Phe Leu Ala Thr 
1060 1065 1. Of O 

Cys Ile Asin Gly Val Cys Trp Thr Val Tyr His Gly Ala Gly Ser Lys 
1075 108 O 1085 

Thr Lieu Ala Gly Pro Lys Gly Pro Ile Thr Gln Met Tyr Thr Asn Val 
109 O 1095 11 OO 

Asp Lieu. Asp Lieu Val Gly Trp Glin Ala Pro Pro Gly Ala Arg Ser Met 
1105 1110 1115 112O 

Thr Pro Cys Ser Cys Gly Ser Ser Asp Leu Tyr Lieu Val Thr Arg His 
1125 1130 1135 

Ala Asp Val Ile Pro Val Arg Arg Arg Gly Asp Ser Arg Gly Ser Lieu 
114 O 1145 115 O 

Lieu. Ser Pro Arg Pro Val Ser Tyr Lieu Lys Gly Ser Ser Gly Gly Pro 
1155 116 O 1165 

Lieu. Lieu. Cys Pro Ser Gly His Val Val Gly Val Phe Arg Ala Ala Val 
117 O 1175 118O 

Cys Thr Arg Gly Val Ala Lys Ala Val Asp Phe Ile Pro Val Glu Ser 
1185 11.90 11.95 12 OO 

Met Glu Thir Thr Met Arg Ser Pro Val Phe Thr Asp Asn Ser Thr Pro 
12O5 1210 1215 

Pro Ala Wall Pro Glin Thir Phe Glin Wall Ala His Lieu. His Ala Pro Thr 
122 O 1225 123 O 

Gly Ser Gly Lys Ser Thr Llys Val Pro Ala Ala Tyr Ala Ala Glin Gly 
1235 124 O 1245 

Tyr Llys Val Lieu Val Lieu. Asn Pro Ser Val Ala Ala Thr Lieu. Gly Phe 
125 O 1255 1260 

Gly Ala Tyr Met Ser Lys Ala His Gly Ile Asp Pro Asn. Ile Arg Thr 
1265 1270 1275 128O 

Gly Val Arg Thr Ile Thr Thr Gly Gly Ser Ile Thr Tyr Ser Thr Tyr 
1285 1290 1295 
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Gly Llys Phe Lieu Ala Asp Gly Gly Cys Ser Gly Gly Ala Tyr Asp Ile 
13 OO 1305 131 O 

Ile Ile Cys Asp Glu. Cys His Ser Thr Asp Ser Thr Thr Ile Leu Gly 
1315 132O 1325 

Ile Gly Thr Val Lieu. Asp Glin Ala Glu Thir Ala Gly Ala Arg Lieu Val 
133 O 1335 134 O 

Val Lieu Ala Thr Ala Thr Pro Pro Gly Ser Val Thr Val Pro His Pro 
1345 1350 1355 1360 

Asn Ile Glu Glu Ile Gly Lieu Ser Asn Asn Gly Glu Ile Pro Phe Tyr 
1365 1370 1375 

Gly Lys Ala Ile Pro Ile Glu Ala Ile Lys Gly Gly Arg His Lieu. Ile 
1380 1385 139 O 

Phe Cys His Ser Llys Llys Lys Cys Asp Glu Lieu Ala Ala Lys Lieu. Thir 
1395 14 OO 14 Os 

Gly Lieu. Gly Lieu. Asn Ala Wall Ala Tyr Tyr Arg Gly Lieu. Asp Wal Ser 
1410 1415 142O 

Val Ile Pro Pro Ile Gly Asp Val Val Val Val Ala Thr Asp Ala Lieu 
1425 1430 1435 144 O 

Met Thr Gly Phe Thr Gly Asp Phe Asp Ser Val Ile Asp Cys Asn Thr 
1445 1450 1455 

Cys Val Thr Glin Thr Val Asp Phe Ser Lieu. Asp Pro Thr Phe Thir Ile 
1460 1465 147 O 

Glu Thir Thr Thr Val Pro Glin Asp Ala Val Ser Arg Ser Glin Arg Arg 
1475 148O 1485 

Gly Arg Thr Gly Arg Gly Arg Ser Gly Ile Tyr Arg Phe Val Thr Pro 
1490 1495 15 OO 

Gly Glu Arg Pro Ser Gly Met Phe Asp Ser Ser Val Lieu. Cys Glu. Cys 
1505 1510 1515 152O 

Tyr Asp Ala Gly Cys Ala Trp Tyr Glu Lieu. Thr Pro Ala Glu. Thir Ser 
1525 1530 1535 

Val Arg Lieu. Arg Ala Tyr Lieu. Asn Thr Pro Gly Lieu Pro Val Cys Glin 
1540 1545 155 O 

Asp His Leu Glu Phe Trp Glu Ser Val Phe Thr Gly Lieu. Thr His Ile 
1555 1560 1565 

Asp Ala His Phe Lieu. Ser Glin Thir Lys Glin Ala Gly Asp Asn. Phe Pro 
1570 1575 158O 

Tyr Lieu Val Ala Tyr Glin Ala Thr Val Cys Ala Arg Ala Glin Ala Pro 
1585 1590 1595 16 OO 

Pro Pro Ser Trp Asp Gln Met Trp Llys Cys Lieu. Ile Arg Lieu Lys Pro 
1605 1610 1615 

Thr Lieu. His Gly Pro Thr Pro Leu Lleu Tyr Arg Lieu. Gly Ala Val Glin 
162O 1625 163 O 

Asn Glu Val Ile Lieu. Thr His Pro Ile Thr Lys Tyr Ile Met Ala Cys 
1635 164 O 1645 

Met Ser Ala Asp Lieu. Glu Val Val Thr Ser Thir Trp Val Lieu Val Gly 
1650 1655 1660 

Gly Val Lieu Ala Ala Lieu Ala Ala Tyr Cys Lieu. Thir Thr Gly Ser Val 
1665 1670 1675 168O 

Val Ile Val Gly Arg Ile Ile Lieu. Ser Gly Llys Pro Ala Val Val Pro 
1685 1690 1695 

Asp Arg Glu Val Lieu. Tyr Glin Glu Phe Asp Glu Met Glu Glu. Cys Ala 
17OO 1705 171 O 

Ser Gln Leu Pro Tyr Ile Glu Gln Gly Met Gln Leu Ala Glu Glin Phe 



1715 

Lys Glin Lys Ala Lieu 
1730 

Ala Ala Ala Pro Wall 
1745 

Trp Ala Lys His Met 
1765 

Gly Lieu. Ser Thr Lieu. 
1780 

Phe Thir Ala Ser Ile 
1795 

Phe Asn. Ile Lieu. Gly 
1810 

Ala Ala Ser Ala Phe 
1825 

Ser Ile Gly Lieu. Gly 
1845 

Ala Gly Val Ala Gly 
1860 

Wall Pro Ser Thr Glu 
1875 

Pro Gly Ala Lieu Val 
1890 
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1725 

Gly Lieu. Lieu. Glin Thr Ala Thr Lys Glin Ala Glu 
1735 1740 

Val Glu Ser Lys Trp Arg Ala Lieu. Glu Thir Phe 
1750 17s. 1760 

Trp Asn Phe Ile Ser Gly Ile Glin Tyr Lieu Ala 
1770 1775 

Pro Gly Asn Pro Ala Ile Ala Ser Lieu Met Ala 
1785 179 O 

Thir Ser Pro Lieu. Thir Thr Glin Asn. Thir Lieu Lleu. 
18OO 1805 

Gly Trp Val Ala Ala Glin Lieu Ala Pro Pro Ser 
1815 182O 

Val Gly Ala Gly Ile Ala Gly Ala Ala Val Gly 
1830 

Llys Val Lieu Val 

Ala Lieu Wall Ala 
1865 

Asp Lieu Val Asn 
188O 

Val Gly Val Val 
1895 

Asp 
1850 

Phe 

Luell 

Cys 

1835 1840 

Ile Lieu Ala Gly Tyr Gly 
1855 

Llys Val Met Ser Gly Glu 
187 O 

Lieu. Pro Ala Ile Lieu. Ser 
1885 

Ala Ala Ile Lieu. Arg Arg 
19 OO 

His Val Gly Pro Gly Glu Gly Ala Val Glin Trp Met ASn Arg Lieu. Ile 
1905 

Ala Phe Ala Ser Arg 
1925 

Glu Ser Asp Ala Ala 
1940 

Ile Thr Glin Lieu. Lieu 
1955 

Ser Thr Pro Cys Ser 
1970 

Cys Thr Val Lieu. Thr 
1985 

Pro Arg Lieu Pro Gly 
2005 

Gly Val Trp Arg Gly 
2O2O 

Ala Glin Ile Ala Gly 
2O35 

Pro Arg Thr Cys Ser 
2 OSO 

Tyr Thr Thr Gly Pro 
2O65 

Ala Lieu. Trp Arg Val 
2O85 

Gly Asp Phe His Tyr 
21OO 

Pro Cys Glin Val Pro 
2115 

Arg Lieu. His Arg Tyr 
213 O 

1910 1915 1920 

Gly Asn His Val Ser Pro Thr His Tyr Val Pro 
1930 1935 

Ala Arg Val Thr Glin Ile Leu Ser Ser Lieu. Thr 
1945 195O 

Lys Arg Lieu. His Glin Trp Ile Asn. Glu Asp Cys 
1960 1965 

Gly Ser Trp Lieu. Arg Asp Val Trp Asp Trp Ile 
1975 198O 

Asp Phe Llys Thir Trp Lieu. Glin Ser Lys Lieu. Lieu. 
1990 1995 2 OOO 

Val Pro Phe Leu Ser Cys Glin Arg Gly Tyr Lys 
2010 2015 

Asp Gly Ile Met Gln Thr Thr Cys Pro Cys Gly 

His Val Lys Asn Gly Ser Met Arg Ile Val Gly 

Asn Thr Trp His Gly Thr Phe Pro Ile Asn Ala 

Cys Thr Pro Ser Pro Ala Pro Asn Tyr Ser Arg 
2070 

Ala Ala Glu Glu Tyr Val Glu Val Thr Arg Val 

Val Thr Gly Met 
2105 

Ala Pro Glu Phe 
212 O 

Ala Pro Ala Cys 
2135 

Thir 

Phe 

Lys 

2095 

Thir Asp Asn. Wall Lys Cys 
211 O 

Thr Glu Val Asp Gly Val 
2125 

Pro Lieu. Lieu. Arg Glu Asp 
214 O 
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Wall. Thir Phe Glin Wall 
2145 

Pro Cys Glu Pro Glu 
21 65 

Asp Pro Ser His Ile 
218O 

Gly Ser Pro Pro Ser 
21.95 

Pro Ser Lieu Lys Ala 
221 O 

Asp Lieu. Ile Glu Ala 
2225 

Ile Thr Arg Val Glu 
22:45 

Glu Pro Lieu. His Ala 
226 O 

Glu Ile Lieu. Arg Llys 
2275 

Ala Arg Pro Asp Tyr 
229 O 

Asp Tyr Val Pro Pro 
2305 

Ala Pro Pro Ile Pro 
2325 

Glu Ser Asn. Wal Ser 
234 O 

Gly Ser Ser Gly Ser 
2355 

Pro Asp Lieu Ala Ser 
2370 

Tyr Ser Ser Met Pro 
23.85 

Ser Asp Gly Ser Trp 
24 O5 

Val Cys Cys Ser Met 
242 O 

Cys Ala Ala Glu Glu 
2435 

Lieu. Lieu. Arg His His 
245 O 

Ser Lieu. Arg Gln Lys 
2465 

Asp His Tyr Arg Asp 
2485 

Gly 
2150 

Pro 

Thir 

Lell 

Thir 

Asn 
223 O 

Ser 

Glu 

Ser 

Asn 

Wall 
2310 

Pro 

Ser 

Ser 

Asp 

Pro 
23.90 

Ser 

Ser 

Ser 

Asn 

Lys 
2470 

Wall 

65 

Lieu. Asn Glin Tyr Lieu 
215.5 

Asp Val Thr Val Lieu. 
21.70 

Ala Glu Thir Ala Lys 
21.85 

Ala Ser Ser Ser Ala 
22 OO 

Cys Thir Thr His His 
2215 

Lieu. Lieu. Trp Arg Glin 
2235 

Glu Asn Llys Val Val 
2250 

Gly Asp Glu Arg Glu 
2265 

Arg Llys Phe Pro Ser 
228O 

Pro Pro Leu Lleu. Glu 
2295 

Val His Gly Cys Pro 
2315 

Pro Arg Arg Lys Arg 
233 O 

Ala Lieu Ala Glu Lieu. 
2345 

Ala Val Asp Ser Gly 
2360 

Asp Gly Asp Llys Gly 
2375 

Lieu. Glu Gly Glu Pro 
23.95 

Thir Wal Ser Glu Glu 
2410 

Tyr Thr Trp Thr Gly 
24.25 

Llys Lieu Pro Ile Asn 
244 O 

Met Val Tyr Ala Thr 
245.5 

Val Thr Phe Asp Arg 
24.75 

Lieu Lys Glu Met Lys 
2490 

Val Lys Ala Lys Lieu Lleu Ser Ile Glu Glu Ala 
2500 

Pro His Ser Ala Lys 
25.15 

Asn Lieu. Ser Ser Arg 
25.30 

Ser 

2505 

Llys Phe Gly Tyr Gly 
252O 
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Val Gly Ser Glin Lieu. 
216 O 

Thir Ser Met Lieu. Thir 
21.75 

Arg Arg Lieu Ala Arg 
219 O 

Ser Glin Lieu. Ser Ala 
22 Os 

Asp Ser Pro Asp Ala 
222O 

Glu Met Gly Gly Asn 
224 O 

Ile Lieu. Asp Ser Phe 
2255 

Ile Ser Wall Ala Ala 
227 O 

Ala Lieu Pro Ile Trp 
2285 

Ser Trp Lys Asp Pro 
23 OO 

Lieu Pro Pro Thr Lys 
232O 

Thir Wal Wall Lieu. Thir 
2335 

Ala Thr Lys Thr Phe 
235 O 

Thir Ala Thir Ala Lieu. 
23.65 

Ser Asp Val Glu Ser 
238O 

Gly Asp Pro Asp Lieu. 
24 OO 

Ala Ser Glu Asp Wall 
24.15 

Ala Lieu. Ile Thr Pro 
243 O 

Pro Leu Ser Asn. Ser 
2445 

Thir Ser Arg Ser Ala 
24 6 O 

Lieu. Glin Val Lieu. Asp 
248O 

Ala Lys Ala Ser Thr 
2495 

Cys Llys Lieu. Thr Pro 
251 O 

Ala Lys Asp Val Arg 
2525 

Ala Val Asn His Ile Arg Ser Val Trp Glu Asp 
25.35 

Lieu. Leu Glu Asp Thr Glu Thr Pro Ile Asp Thr 
25.45 2550 2555 

254 O 

Thir Ile Met Ala Lys 
2560 

66 
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Ser Glu Val Phe Cys Val Glin Pro Glu Lys Gly Gly Arg Llys Pro Ala 
25.65 2570 

Arg Lieu. Ile Val Phe Pro Asp Lieu. Gly Val Arg Val Cys Glu Lys Met 
2580 

Ala Lieu. Tyr Asp Val Val Ser Thr 
2595 

Ser Tyr Gly Phe Glin Tyr 
261 O 

Asn. Thir Trp Llys Ser Lys 
262s 263 O 

Arg Cys Phe Asp Ser Thr 
2645 

Ser Ile Tyr Glin Cys Cys 
266 O 

Arg Ser Lieu. Thr Glu Arg 
2675 

Lys Gly Glin Asn. Cys Gly 
269 O 

Thir Thr Ser Cys Gly Asn 
2705 2710 

Ala Cys Arg Ala Ala Lys 
2725 

Asp Asp Lieu Val Val Ile 
274 O 

Ala Ala Lieu. Arg Ala Phe 
27s 

Pro Gly Asp Pro Pro Gln 
2770 

Cys Ser Ser Asn Val Ser 
2785 2790 

Tyr Tyr Lieu. Thir Arg Asp 
28 OS 

Glu Thir Ala Arg His Thr 
282O 

Met Tyr Ala Pro Thr Lieu. 
2835 

Phe Ser Ile Lieu. Lieu. Ala 
285 O 

Glin Ile Tyr Gly Ala Cys 
2865 2870 

Ile Ile Glu Arg Lieu. His 
2.885 

Ser Pro Gly Glu Ile Asn 
29 OO 

Val Pro Pro Leu Arg Thr 
291.5 

Llys Lieu. Lieu. Ser Glin Gly 
293 O 

Phe Asn Trp Ala Val Arg 
29.45 295.0 

Ala Ser Glin Lieu. Asp Lieu. 
29 65 

Gly Asp Ile Tyr His Ser 

Ser 
2615 

Lys 

Wall 

Asp 

Lell 

Tyr 
2695 

Thir 

Lell 

Cys 

Thir 

Pro 
2775 

Wall 

Pro 

Pro 

Trp 

Glin 
2855 

Gly 

Arg 

Trp 

Gly 
2935 

Thir 

Ser 

Lell 

26 OO 

Pro 

Cys 

Thir 

Luell 

Tyr 
268O 

Arg 

Luell 

Glin 

Glu 

Glu 
276 O 

Glu 

Ala 

Thir 

Ile 

Ala 
284 O 

Glu 

Ser 

Luell 

Wall 

Arg 
292 O 

Arg 

Lys 

Gly 

Ser 

2585 

Lieu Pro Glin Ala 

Lys Glin Arg Val 
262O 

Pro Met Gly Phe 
2635 

Glu Ser Asp Ile 
26.50 

Ala Pro Glu Ala 
2665 

Ile Gly Gly Pro 

Arg Cys Arg Ala 
27 OO 

Thr Cys Tyr Lieu 
2715 

Asp Cys Thr Met 
273 O 

Ser Ala Gly Thr 
2745 

Ala Met Thr Arg 

Tyr Asp Lieu. Glu 
2780 

His Asp Ala Ser 
2.79s 

Thr Pro Leu Ala 
2810 

Asn Ser Trp Lieu 
2825 

Arg Met Ile Lieu 

Glin Lieu. Glu Lys 
286O 

Ile Glu Pro Leu 
2875 

Ser Ala Phe Thr 
2890 

Ala Ser Cys Lieu 
2.905 

His Arg Ala Arg 

Ala Ala Thr Cys 
294 O 

Lieu Lys Lieu. Thr 
2955 

Trp Phe Val Ala 
2970 

Arg Ala Arg Pro 

Wall 
26 OS 

259 O 

Met Gly Ser 

Glu Phe Lieu Wall 

Ser 

Arg 

Arg 

Lell 
2685 

Ser 

Lell 

Glin 

Tyr 
2765 

Lell 

Gly 

Arg 

Gly 

Met 
284.5 

Ala 

Asp 

Lell 

Arg 

Ser 
2925 

Gly 

Pro 

Gly 

Arg 

Tyr Asp Thr 
264 O 

Wall Glu Glu 
2655 

Glin Ala Ile 
267 O 

Thir Asn. Ser 

Gly Val Lieu. 

Ala Thir Ala 
272O 

Val Asn Gly 
2735 

Glu Asp Ala 
275 O 

Ser Ala Pro 

Ile Thir Ser 

Lys Arg Val 
28OO 

Ala Ala Trip 
2815 

ASn Ile Ile 
283 O 

Thir His Phe 

Lieu. Asp Cys 

Lieu. Pro Glin 
288O 

His Ser Tyr 
2.895 

Llys Lieu. Gly 
291. O 

Val Arg Ala 

Arg Tyr Lieu 

Ile Pro Ala 
2960 

Tyr Ser Gly 
297 

Trp Phe Pro 
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gtcttagcgc 

gcct Caggaa 

gcgctaagct 

gggCagtaag 

Ctggctggitt 

gaccc.cgctg 

t ccc caac cq 

ttitt ttitt tt 

ttitt to cott 

atttacactic 

acttggggta 

actgtc.ccag 

gaccaa.gctt 

cgt.cgctggit 

gtttcc.gttg 

atgaacgggg 

ttt tttitt tt 

ctittaatggit 

cc.gtgagc.cg catgactgca 

<210s, SEQ ID NO 5 
&211s LENGTH: 3011 
212. TYPE : 

<213> ORGANISM; Hepatitis C viru 
PRT 

<4 OOs, SEQUENCE: 5 

Met 
1. 

Arg 

Gly 

Thir 

Ile 
65 

Lell 

Arg 

Gly 

Gly 
145 

Gly 

Phe 

Glu 

Asn 

Gly 
225 

Ala 

Thir 

77 

cacagttact 

ccacccttgc 

999999a,999 

aaact cactic 

tacagogggg 

tgcct actico 

agctaaccac 

tottt tttitt 

ggctic catct 

gaga.gtgctg 

Ser Thr Asn Pro Llys Pro Glin 

Arg 

Wall 

Arg 
SO 

Pro 

Pro 

Luell 

Arg 

Phe 
13 O 

Gly 

Wall 

Luell 

Wall 

Ser 
21 O 

Luell 

Ile 

Pro 

Tyr 
35 

Trp 

Ser 

Arg 
115 

Ala 

Ala 

Asn 

Luell 

Arg 
195 

Ser 

Wall 

Thir 

Arg 

5 

Glin Asp Wall Lys Phe 

Lieu Lleu Pro Arg Arg 
4 O 

Ala Ser Glu Arg Ser 
55 

Ala Arg Arg Pro Glu 
70 

Pro Leu Tyr Gly Asn 
85 

Pro Arg Gly Ser Arg 

Ser Arg Asn Lieu. Gly 
12 O 

Asp Lieu Met Gly Tyr 
135 

Ala Arg Ala Lieu Ala 
150 

Tyr Ala Thr Gly Asn 
1.65 

Ala Lieu Lleu Ser Cys 
18O 

Asn Val Ser Gly Ile 

Ile Val Tyr Glu Ala 
215 

Pro Cys Val Glin Glu 
23 O 

Pro Thir Lieu Ala Ala 
245 

Arg His Val Asp Lieu. 
26 O 

CtcCaggtga 

gaacctggag 

cc.gc.cacttg 

caatc.ccggc 

gagacatata 

tactittctgt 

tcc aggc citt 

tttct titcct 

tagcc ctagt 

at actggcct 

S 

Arg Llys Thr 
1O 

Pro Gly Gly 
25 

Gly Pro Arg 

Glin Pro Arg 

Gly Arg Ala 

Glu Gly Lieu. 
90 

Pro Ser Trp 
105 

Llys Val Ile 

Ile Pro Leu 

His Gly Val 
155 

Leu Pro Gly 
17O 

Lieu. Thir Ile 
185 

Tyr His Val 

Ala Asp Val 

Gly Asn. Ser 
235 

Arg Asn Ala 
250 

Lieu Val Gly 
265 
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gat caat agg gtggctt cat 

a catcgggcc agaagtgtc.c 

tggcagatac ct ctittaact 

cgcgt.cccag Ctggacttgt 

t cacagoctd tot cqtgcc c 

agggg taggc atttacctgc 

aagccatttic ctdtttittitt 

ttcottct t t t t t t cott to 

cacggctago ttgaaaggit 

citctgcagat catgt 

Lys Arg Asn. Thir Asn 
15 

Gly Glin Ile Val Gly 
3 O 

Lieu. Gly Val Arg Ala 
45 

Gly Arg Arg Glin Pro 
60 

Trp Ala Glin Pro Gly 
8O 

Gly Trp Ala Gly Trp 
95 

Gly Pro Thr Asp Pro 
11 O 

Asp Thr Lieu. Thir Cys 
125 

Val Gly Ala Pro Lieu. 
14 O 

Arg Val Lieu. Glu Asp 
160 

Cys Ser Phe Ser Ile 
17s 

Pro Ala Ser Ala Tyr 
19 O 

Thir Asn Asp Cys Ser 
2O5 

Ile Met His Thr Pro 
22O 

Ser Arg Cys Trp Val 
24 O 

Ser Wall Pro Thir Thr 
255 

Thr Ala Ala Phe Cys 
27 O 

906 O 

912 O 

918O 

924 O 

93 OO 

936 O 

942O 

948O 

954 O 

95.95 
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Ser 

Glin 

Asn 
3. OS 

Asp 

Lell 

Trp 

Ala 

Thir 
385 

Ser 

Asn 

Lell 

Ser 

Phe 
465 

Asp 

Wall 

Pro 

Trp 

Pro 
5.45 

Thir 

Arg 

Thir 

Wall 

Ser 
625 

Asn 

Arg 

Glin 

Lell 

Ala 

Luell 
29 O 

Met 

Luell 

Gly 

Lys 
37 O 

His 

Luell 

Gly 

Glin 

Ser 
450 

Ala 

Glin 

Pro 

Wall 

Gly 
53 O 

Glin 

Thir 

Asp 
610 

Ile 

Ala 

Asp 

Ile 

Ile 

Met 

Phe 

Ser 

Met 

Arg 

Wall 
355 

Wall 

Thir 

Phe 

Ser 

Thir 
435 

Gly 

Glin 

Arg 

Ala 

Wall 
515 

Glu 

Gly 

Thir 

Luell 

Thir 
595 

Phe 

Ala 

Arg 

Luell 
675 

His 

Tyr 

Thir 

Ile 

Met 

Ile 
34 O 

Luell 

Luell 

Thir 

Ser 

Trp 

Gly 

Gly 

Pro 

Ser 
SOO 

Wall 

Asn 

Asn 

Ile 
58O 

Pro 

Ser 
660 

Pro 

Luell 

Wall 

Phe 

Tyr 

Asn 
3.25 

Pro 

Ala 

Ile 

Gly 

Ser 
4 OS 

His 

Phe 

Pro 

Trp 

Tyr 
485 

Glin 

Gly 

Glu 

Trp 

Gly 
565 

Cys 

Cys 

Tyr 

Wall 

Asn 
645 

Glu 

Cys 

His 

Gly 

Ser 

Pro 
310 

Trp 

Glin 

Gly 

Wall 

Arg 
390 

Gly 

Ile 

Phe 

Glu 

Gly 
470 

Wall 

Thir 

Thir 

Phe 
550 

Gly 

Pro 

Gly 

Arg 

Arg 
630 

Trp 

Lell 

Ala 

Glin 

79 

Asp 

Pro 
295 

Gly 

Ser 

Ala 

Lell 

Ala 
375 

Wall 

Ala 

Asn 

Ala 

Arg 
45.5 

Pro 

Trp 

Thir 

Asp 
535 

Gly 

Pro 

Thir 

Ser 

Lell 
615 

Met 

Thir 

Ser 

Phe 

Asn 

Luell 

Arg 

His 

Pro 

Wall 

Ala 
360 

Luell 

Ala 

Ser 

Arg 

Ala 
44 O 

Met 

Ile 

His 

Gly 

Asp 

Wall 

Pro 

Asp 

Gly 

Trp 

Arg 

Pro 

Thir 
68O 

Ile 

Arg 

Wall 

Thir 

Wall 
345 

Luell 

Gly 

Glin 

Thir 
425 

Luell 

Ala 

Thir 

Pro 
505 

Arg 

Met 

Thir 

Cys 
585 

Pro 

His 

Wall 

Gly 

Luell 
665 

Thir 

Wall 

Gly 

His 

Ser 

Thir 
330 

Asp 

Phe 

His 

Lys 

Ala 

Phe 

Ser 

Ala 
490 

Wall 

Ser 

Luell 

Trp 

Asn 
st O 

Phe 

Trp 

Gly 

Glu 
650 

Luell 

Luell 

Asp 

Ser 

Glu 

Gly 
315 

Ala 

Met 

Ser 

Ala 

Thir 
395 

Ile 

Luell 

Thir 
47s 

Pro 

Gly 

Luell 

Met 
555 

Ile 

Arg 

Luell 

Pro 

Gly 
635 

Arg 

Luell 

Pro 

Wall 
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Ile 

Thir 
3 OO 

His 

Lell 

Wall 

Met 

Gly 

Thir 

Glin 

Asn 

Ala 

Arg 
460 

Wall 

Asn 
54 O 

Asn 

Gly 

Thir 

Cys 
62O 

Wall 

Ser 

Ala 

Glin 

Phe 
285 

Wall 

Arg 

Wall 

Ala 

Wall 
365 

Wall 

Ser 

Lell 

His 
445 

Phe 

525 

Asn 

Ser 

Gly 

His 

Pro 
605 

Thir 

Glu 

Asn 

Thir 

Lell 
685 

Luell 

Glin 

Met 

Wall 

Gly 
35. O 

Gly 

Asp 

Gly 

Wall 

Asn 
43 O 

Ile 

Asn 

Thir 

Thir 

Thir 

Thir 

Wall 

Pro 
59 O 

Arg 

Luell 

His 

Luell 

Thir 
67 O 

Ser 

Luell 

Wall 

Asp 

Ala 

Ser 
335 

Ala 

Asn 

Gly 

Phe 

Asn 
415 

Asp 

Phe 

Asp 

Ser 

Gly 
495 

Pro 

Arg 

Gly 

Gly 
sts 

Glu 

Asn 

Arg 

Glu 
655 

Glu 

Thir 

Ser 

Trp 

Glin 

His 

Trp 

Glu 

Thir 
4 OO 

Thir 

Ser 

Asn 

Trp 

Ser 

Wall 

Ser 

Ser 

Pro 

Phe 
560 

Asn 

Ala 

Luell 

Phe 

Luell 
64 O 

Asp 

Trp 

Gly 

Gly 
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69 O. 695 7 OO 

Val Gly Ser Ala Phe Val Ser Phe Ala Ile Llys Trp Glu Tyr Ile Leu 
7 Os 71O 71s 72O 

Lieu. Lieu. Phe Lieu Lleu Lleu Ala Asp Ala Arg Val Cys Ala Cys Lieu. Trp 
72 73 O 73 

Met Met Lieu. Lieu. Ile Ala Glin Ala Glu Ala Ala Lieu. Glu Asn Lieu Wall 
740 74. 7 O 

Val Lieu. Asn Ala Ala Ser Val Ala Gly Ala His Gly Ile Lieu. Ser Phe 
7ss 760 765 

Lieu Val Phe Phe Cys Ala Ala Trp Tyr Ile Lys Gly Arg Lieu Ala Pro 
770 775 78O 

Gly Ala Ala Tyr Ala Phe Tyr Gly Val Trp Pro Lieu. Lieu. Lieu. Lieu. Lieu. 
78s 79 O 79. 8OO 

Lieu Ala Lieu Pro Pro Arg Ala Tyr Ala Lieu. Asp Thr Glu Val Ala Ala 
805 810 815 

Ser Cys Gly Gly Val Val Lieu Val Gly Lieu Met Ala Lieu. Thir Lieu. Ser 
82O 825 83 O 

Pro Tyr Tyr Lys Arg Tyr Ile Ser Trp Cys Met Trp Trp Leu Gln Tyr 
835 84 O 845 

Phe Lieu. Thr Arg Val Glu Ala Glin Lieu. His Val Trp Val Pro Pro Leu 
850 855 860 

Asn Val Arg Gly Gly Arg Asp Ala Val Ile Lieu Lleu Met Cys Val Val 
865 87O 87s 88O 

His Pro Thr Lieu Val Phe Asp Ile Thr Lys Lieu. Lieu. Lieu. Ala Ile Phe 
885 890 895 

Gly Pro Lieu. Trp Ile Lieu. Glin Ala Ser Lieu. Lieu Lys Val Pro Tyr Phe 
9 OO 905 91 O 

Val Arg Val Glin Gly Lieu. Lieu. Arg Ile Cys Ala Lieu Ala Arg Lys Ile 
915 92 O 925 

Ala Gly Gly His Tyr Val Glin Met Ala Ile Ile Llys Lieu. Gly Ala Lieu 
93 O 935 94 O 

Thr Gly Thr Tyr Val Tyr Asn His Lieu. Thr Pro Leu Arg Asp Trp Ala 
945 950 955 96.O 

His Asn Gly Lieu. Arg Asp Lieu Ala Val Ala Val Glu Pro Val Val Phe 
965 97O 97. 

Ser Arg Met Glu Thir Lys Lieu. Ile Thir Trp Gly Ala Asp Thir Ala Ala 
98O 985 99 O 

Cys Gly Asp Ile Ile Asn Gly Lieu Pro Val Ser Ala Arg Arg Gly Glin 
995 1 OOO 1005 

Glu Ile Lieu. Lieu. Gly Pro Ala Asp Gly Met Val Ser Lys Gly Trp Arg 
1010 1015 102O 

Lieu. Lieu Ala Pro Ile Thr Ala Tyr Ala Glin Glin Thr Arg Gly Lieu. Lieu. 
1025 1O3O 1035 104 O 

Gly Cys Ile Ile Thir Ser Lieu. Thr Gly Arg Asp Lys Asn Glin Val Glu 
1045 1 OSO 105.5 

Gly Glu Val Glin Ile Val Ser Thr Ala Thr Glin Thr Phe Leu Ala Thr 
1060 1065 1. Of O 

Cys Ile Asin Gly Val Cys Trp Thr Val Tyr His Gly Ala Gly Thr Arg 
1075 108 O 1085 

Thir Ile Ala Ser Pro Lys Gly Pro Val Ile Gln Met Tyr Thr Asn Val 
109 O 1095 11 OO 

Asp Glin Asp Lieu Val Gly Trp Pro Ala Pro Glin Gly Ser Arg Ser Lieu 
1105 1110 1115 112O 



Thr Pro Cys Thr Cys 
1125 

Ala Asp Val Ile Pro 
114 O 

Lieu. Ser Pro Arg Pro 
1155 

Lieu. Lieu. Cys Pro Ala 
117 O 

Cys Thr Arg Gly Val 
1185 

Lieu. Gly. Thir Thr Met 
12O5 

Pro Ala Wall Pro Glin 
122 O 

Gly Ser Gly Lys Ser 
1235 

Tyr Llys Val Lieu Val 
125 O 

Gly Ala Tyr Met Ser 
1265 

Gly Val Arg Thr Ile 
1285 

Gly Llys Phe Lieu Ala 
13 OO 

Ile Ile Cys Asp Glu 
1315 

Ile Gly Thr Val Lieu. 
133 O 

Wall Lieu Ala Thir Ala 
1345 

ASn Ile Glu Glu Wall 
1365 

Gly Lys Ala Ile Pro 
1380 

Phe Cys His Ser Lys 
1395 

Ala Lieu. Gly Ile Asn 
1410 

Wall Ile Pro Thir Ser 
1425 

Met Thr Gly Phe Thr 
1445 

Cys Val Thr Glin Thr 
1460 

Glu Thir Thir Thir Lieu. 
1475 

Gly Arg Thr Gly Arg 
1490 
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Gly Ser Ser Asp Lieu. Tyr Lieu Val Thr Arg His 
1130 1135 

Val Arg Arg Arg Gly Asp Ser Arg Gly Ser Lieu. 

Ile 

Gly 

Ala 
11.90 

Arg 

Ser 

Thir 

Lell 

Lys 
1270 

Thir 

Asp 

Cys 

Asp 

Thir 
1350 

Ala 

Lell 

Ala 

Gly 
1430 

Gly 

Wall 

Pro 

Gly 

Ser Tyr 
116 O 

His Ala 
1175 

Lys Ala 

Ser Pro 

Phe Glin 

Llys Val 
124 O 

Asn. Pro 
1255 

Ala His 

Thr Gly 

Gly Gly 

His Ser 
132O 

Glin Ala 
1335 

Pro Pro 

Luell Ser 

Glu Wall 

Lys Cys 
14 OO 

Wall Ala 
1415 

Asp Wall 

Asp Phe 

Asp Phe 

Glin Asp 
148O 

Llys Pro 
1495 

Gly Glu Arg Pro Ser Gly Met Phe 
1505 1510 

Tyr Asp Ala Gly Cys Ala Trp Tyr 
1525 

1145 

Lieu Lys Gly 

Val Gly Lieu. 

Val Asp Phe 
11.95 

Wall Phe Thr 
1210 

Wall Ala His 
1225 

Pro Ala Ala 

Ser Wall Ala 

Gly Val Asp 
1275 

Ser Pro Ile 
1290 

Cys Ser Gly 
1305 

Thir Asp Ala 

Glu Thir Ala 

Gly Ser Val 
1355 

Thir Thr Gly 
1370 

Ile Lys Gly 
1385 

Asp Glu Lieu. 

Tyr Tyr Arg 

Wall Wal Wall 
1435 

Asp Ser Val 
1450 

Ser Lieu. Asp 
1465 

Ala Wal Ser 

Gly Ile Tyr 

Asp Ser Ser 
1515 

Glu Lieu. Thir 
1530 

115 O 

Ser Ser Gly Gly Pro 
1165 

Phe Arg Ala Ala Val 
118O 

Ile Pro Wall Glu Asn 
12 OO 

Asp Asn. Ser Ser Pro 
1215 

Lieu. His Ala Pro Thr 
123 O 

Tyr Ala Ala Glin Gly 
1245 

Ala Thr Lieu. Gly Phe 
1260 

Pro Asn Ile Arg Thr 
128O 

Thr Tyr Ser Thr Tyr 
1295 

Gly Ala Tyr Asp Ile 
131 O 

Thir Ser Ile Leu Gly 
1325 

Gly Ala Arg Lieu Val 
134 O 

Thir Wal Ser His Pro 
1360 

Glu Ile Pro Phe Tyr 
1375 

Gly Arg His Lieu. Ile 
139 O 

Ala Ala Lys Lieu Val 
14 Os 

Gly Lieu. Asp Val Ser 
142O 

Ser Thr Asp Ala Lieu. 
144 O 

Ile Asp Cys Asn. Thr 
1455 

Pro Thir Phe Thir Ile 
147 O 

Arg Thr Glin Arg Arg 
1485 

Arg Phe Val Ala Pro 
15 OO 

Val Lieu. Cys Glu. Cys 
152O 

Pro Ala Glu. Thir Thr 
1535 
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Val Arg Lieu. Arg Ala Tyr Met Asn Thr Pro Gly Lieu Pro Val Cys Glin 
1540 1545 155 O 

Asp His Leu Glu Phe Trp Glu Gly Val Phe Thr Gly Lieu. Thr His Ile 
1555 1560 1565 

Asp Ala His Phe Leu Ser Glin Thr Lys Glin Ser Gly Glu Asn Phe Pro 
1570 1575 158O 

Tyr Lieu Val Ala Tyr Glin Ala Thr Val Cys Ala Arg Ala Glin Ala Pro 
1585 1590 1595 16 OO 

Pro Pro Ser Trp Asp Gln Met Trp Llys Cys Lieu. Ile Arg Lieu Lys Pro 
1605 1610 1615 

Thr Lieu. His Gly Pro Thr Pro Leu Lleu Tyr Arg Lieu. Gly Ala Val Glin 
162O 1625 163 O 

Asn Glu Val Thr Lieu. Thr His Pro Ile Thr Lys Tyr Ile Met Thr Cys 
1635 164 O 1645 

Met Ser Ala Asp Lieu. Glu Val Val Thr Ser Thir Trp Val Lieu Val Gly 
1650 1655 1660 

Gly Val Lieu Ala Ala Lieu Ala Ala Tyr Cys Lieu. Ser Thr Gly Cys Val 
1665 1670 1675 168O 

Val Ile Val Gly Arg Ile Val Lieu. Ser Gly Llys Pro Ala Ile Ile Pro 
1685 1690 1695 

Asp Arg Glu Val Lieu. Tyr Glin Glu Phe Asp Glu Met Glu Glu. Cys Ser 
17OO 1705 171 O 

Gln His Leu Pro Tyr Ile Glu Gln Gly Met Met Leu Ala Glu Glin Phe 
1715 1720 1725 

Lys Glin Lys Ala Lieu. Gly Lieu. Lieu. Glin Thir Ala Ser Arg His Ala Glu 
1730 1735 1740 

Val Ile Thr Pro Ala Val Glin Thr Asn Trp Gln Lys Lieu. Glu Val Phe 
1745 1750 17s. 1760 

Trp Ala Lys His Met Trp Asn Phe Ile Ser Gly Ile Glin Tyr Lieu Ala 
1765 1770 1775 

Gly Lieu. Ser Thr Lieu Pro Gly Asn Pro Ala Ile Ala Ser Lieu Met Ala 
1780 1785 179 O 

Phe Thr Ala Ala Val Thir Ser Pro Leu. Thir Thr Gly Glin Thr Lieu. Leu 
1795 18OO 1805 

Phe Asn. Ile Lieu. Gly Gly Trp Val Ala Ala Glin Lieu Ala Ala Pro Gly 
1810 1815 182O 

Ala Ala Thir Ala Phe Val Gly Ala Gly Lieu Ala Gly Ala Ala Ile Gly 
1825 1830 1835 1840 

Ser Val Gly Lieu. Gly Llys Val Lieu Val Asp Ile Lieu Ala Gly Tyr Gly 
1845 1850 1855 

Ala Gly Val Ala Gly Ala Lieu Val Ala Phe Lys Ile Met Ser Gly Glu 
1860 1865 187 O 

Val Pro Ser Thr Glu Asp Lieu Val Asn Lieu. Lieu Pro Ala Ile Lieu. Ser 
1875 188O 1885 

Pro Gly Ala Lieu Val Val Gly Val Val Cys Ala Ala Ile Lieu. Arg Arg 
1890 1895 19 OO 

His Val Gly Pro Gly Glu Gly Ala Val Glin Trp Met Asn Arg Lieu. Ile 
1905 1910 1915 1920 

Ala Phe Ala Ser Arg Gly Asn His Val Ser Pro Thr His Tyr Val Pro 
1925 1930 1935 

Glu Ser Asp Ala Ala Ala Arg Val Thir Ala Ile Lieu. Ser Ser Lieu. Thir 
1940 1945 195O 

Val Thr Glin Lieu. Lieu. Arg Arg Lieu. His Glin Trp Ile Ser Ser Glu. Cys 
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1955 1960 1965 

Thir Thr Pro Cys Ser Gly Ser Trp Lieu. Arg Asp Ile Trp Asp Trp Ile 
1970 1975 198O 

Cys Glu Val Lieu. Ser Asp Phe Llys Thir Trp Lieu Lys Ala Lys Lieu Met 
1985 1990 1995 2 OOO 

Pro Gln Leu Pro Gly Ile Pro Phe Val Ser Cys Glin Arg Gly Tyr Arg 
2005 2010 2015 

Gly Val Trp Arg Gly Asp Gly Ile Met His Thr Arg Cys His Cys Gly 
2O2O 2O25 2O3O 

Ala Glu Ile Thr Gly His Val Lys Asn Gly Thr Met Arg Ile Val Gly 
2O35 2O4. O 2O45 

Pro Arg Thr Cys Arg Asn Met Trp Ser Gly Thr Phe Pro Ile Asn Ala 
2 OSO 2O55 2O60 

Tyr Thir Thr Gly Pro Cys Thr Pro Leu Pro Ala Pro Asn Tyr Llys Phe 
2O65 2070 2O75 2O8O 

Ala Lieu. Trp Arg Val Ser Ala Glu Glu Tyr Val Glu Ile Arg Arg Val 
2O85 2 O90 2095 

Gly Asp Phe His Tyr Val Ser Gly Met Thr Thr Asp Asn Lieu Lys Cys 
21OO 2105 211 O 

Pro Cys Glin Ile Pro Ser Pro Glu Phe Phe Thr Glu Lieu. Asp Gly Val 
2115 212 O 2125 

Arg Lieu. His Arg Phe Ala Pro Pro Cys Llys Pro Lieu. Lieu. Arg Glu Glu 
213 O 2135 214 O 

Val Ser Phe Arg Val Gly Lieu. His Glu Tyr Pro Val Gly Ser Gln Leu 
2145 2150 215.5 216 O 

Pro Cys Glu Pro Glu Pro Asp Val Ala Val Lieu. Thir Ser Met Lieu. Thr 
21 65 21.70 21.75 

Asp Pro Ser His Ile Thr Ala Glu Ala Ala Gly Arg Arg Lieu Ala Arg 
218O 21.85 219 O 

Gly Ser Pro Pro Ser Met Ala Ser Ser Ser Ala Ser Gln Leu Ser Ala 
21.95 22 OO 22 Os 

Pro Ser Lieu Lys Ala Thr Cys Thr Ala Asn His Asp Ser Pro Asp Ala 
221 O 2215 222O 

Glu Lieu. Ile Glu Ala Asn Lieu. Lieu. Trp Arg Glin Glu Met Gly Gly Asn 
2225 223 O 2235 224 O 

Ile Thr Arg Val Glu Ser Glu Asn Llys Val Val Ile Lieu. Asp Ser Phe 
22:45 2250 2255 

Asp Pro Lieu Val Ala Glu Glu Asp Glu Arg Glu Val Ser Val Pro Ala 
226 O 2265 227 O 

Glu Ile Lieu. Arg Llys Ser Arg Arg Phe Ala Arg Ala Lieu Pro Val Trp 
2275 228O 2285 

Ala Arg Pro Asp Tyr Asn Pro Pro Lieu Val Glu Thir Trp Llys Llys Pro 
229 O 2295 23 OO 

Asp Tyr Glu Pro Pro Val Val His Gly Cys Pro Leu Pro Pro Pro Arg 
2305 2310 2315 232O 

Ser Pro Pro Val Pro Pro Pro Arg Llys Lys Arg Thr Val Val Lieu. Thr 
2325 233 O 2335 

Glu Ser Thr Lieu. Ser Thr Ala Lieu Ala Glu Lieu Ala Thr Lys Ser Phe 
234 O 2345 235 O 

Gly Ser Ser Ser Thr Ser Gly Ile Thr Gly Asp Asn Thr Thr Thr Ser 
2355 2360 23.65 

Ser Glu Pro Ala Pro Ser Gly Cys Pro Pro Asp Ser Asp Val Glu Ser 
2370 2375 238O 



Tyr Ser Ser Met Pro 
23.85 

Ser Asp Gly Ser Trp 
24 O5 

Val Val Cys Cys Ser 
242 O 

Pro Cys Ala Ala Glu 
2435 

Ser Lieu. Lieu. Arg His 
245 O 

Ala Cys Glin Arg Glin 
2465 

Asp Ser His Tyr Glin 
2485 

Llys Val Lys Ala Asn 
2500 

Pro Pro His Ser Ala 
25.15 

Arg Cys His Ala Arg 
25.30 

Asp Lieu. Lieu. Glu Asp 
25.45 

Lys Asn. Glu Val Phe 
25.65 

Ala Arg Lieu. Ile Val 
2580 

Met Ala Lieu. Tyr Asp 
2595 

Ser Ser Tyr Gly Phe 
261 O 

Val Glin Ala Trp Llys 
262s 

Thr Arg Cys Phe Asp 
2645 

Glu Ala Ile Tyr Glin 
266 O 

Ile Llys Ser Lieu. Thr 
2675 

Ser Arg Gly Glu Asn 
269 O 

Lieu. Thir Thr Ser Cys 
2705 

Ala Ala Cys Arg Ala 
2725 

Gly Asp Asp Lieu Val 
274 O 

Ala Ala Ser Lieu. Arg 
27s 

Pro Pro Gly Asp Pro 
2770 

Ser Cys Ser Ser Asn 
2785 
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Gly Asp Pro Asp Lieu. 
24 OO 

Ser Thr Val Ser Ser Gly Ala Asp Thr Glu Asp 

Met Ser Tyr Ser Trp Thr 
24.25 

Glu Gln Lys 
244 O 

His Asn Lieu. 
245.5 

Llys Llys Val 
2470 

Asp Val Lieu. 

2410 

Lieu Pro Ile 

Thr Phe Asp 
24.75 

Lys Glu Val 
2490 

24.15 

Gly Ala Lieu Val Thr 
243 O 

Asn Ala Lieu. Ser Asn 
2445 

Val Tyr Ser Thr Thr Ser Arg Ser 
24 6 O 

Arg Lieu. Glin Val Lieu. 
248O 

Lys Ala Ala Ala Ser 
2495 

Lieu Lleu Ser Val Glu Glu Ala Cys Ser Lieu. Thr 

Llys Ser Lys 
252O 

Lys Ala Val 
25.35 

Ser Wall. Thir 
2550 

Cys Val Glin 

Phe Pro Asp Leu Gly Val 
2585 

Val Val Ser Lys Lieu Pro 
26 OO 

2505 

Phe Gly Tyr 

Pro Ile Asp 
2555 

Pro Glu Lys 
2570 

251 O 

Gly Ala Lys Asp Wall 
2525 

Ala His Ile Asn. Ser Val Trp Llys 
254 O 

Thir Thir Ile Met Ala 
2560 

Gly Gly Arg Llys Pro 
27s 

Arg Val Cys Glu Lys 
259 O 

Lieu Ala Wal Met Gly 
26 OS 

Gln Tyr Ser Pro Gly Glin Arg Val Glu Phe Leu 
2615 

Ser Llys Llys 
263 O 

Ser Thir Wall 

262O 

Thr Pro Met Gly Phe Ser Tyr Asp 
2635 264 O 

Thr Glu Ser Asp Ile Arg Thr Glu 
26.50 2655 

Cys Cys Asp Lieu. Asp Pro Glin Ala Arg Val Ala 

Glu Arg Lieu. 
268O 

Cys Gly Tyr 
2695 

Gly Asn Thr 
2710 

Ala Gly Lieu. 

2665 

Lieu. Thir Cys 
2715 

Glin Asp Cys 
273 O 

267 O 

Tyr Val Gly Gly Pro Leu. Thir Asn 
2685 

Arg Arg Cys Arg Ala Ser Gly Val 
27 OO 

Tyr Ile Lys Ala Arg 
272O 

Thr Met Leu Val Cys 
2735 

Val Ile Cys Glu Ser Ala Gly Val Glin Glu Asp 

Ala Phe Thr 
276 O 

2745 

Glu Ala Met 

275 O 

Thr Arg Tyr Ser Ala 
2765 

Pro Gln Pro Glu Tyr Asp Lieu. Glu Lieu. Ile Thr 
2775 

Wall Ser Wall 
2790 

Ala 

2780 

His Asp Gly Ala Gly Lys Arg 
2.79s 28OO 
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